NASA AVRADCOM
Technical Memorandum 80080 Technical Report 79-49

Wind-Tunnel Test of an Articulated
Helicopter Rotor Model
With Several Tip Shapes

John D. BRerry and Raymond E. Mineck

Structures 1 ubomtm:y. AVKADCOM Research and Ta‘/)r:ology Laboratories
Langley Research Center
Hamplon. Virginia

PIASA

N&1os af Acrenautiss
and Spac Adm, ustiation

Sasnu®c snd Yechnics
Inforr . uan Sranch

1980




SUMMARY

A wind-tunael investigation has been conducted using an articulated heli-
copter model rotor systex to determine the effects of several blade tip designs
aon both the performance and acoustic characteristics of the totor. Cnly the
pecformance characteristics are presented in this paper. Six tip shapas were
tested: a square (baseline) tip, an ogee tip, a subwing tip, a swept tip, a
winglet tip, and a short ogee tip. Tests were conducted at two rotcr rota-
tional speeds and five advance ratios including hover.

in hover at the lower rotational speed and a given lift coefficient, the
swent, ogee, and short ogee tips had about the same torque coefficient, and the
subwing and winglet tips had a larger torque coefficient than the baseline
squate tip blades. In simulated forward flight, the ogee tip had values of
torque ccefficient very close to or less than the baseline square tip blades.
In simulated forward flight at 1200 rpm, the ogee tips showed a deciease in
torque coefficient relative to the btaseline blades as drag coefficient
decreased. The swept tip blades required less torque coefficient at lower rota-
tional speeds than the baselire square tip blades and roughly equivalent tcrique
coefficient at higher rotational speeds in forward flight., The short ogee tip
was cested in limited forward flioht conditions and it required higher torque
coefficient at higher 1lift coefficient than the baseline square tip blade.

INTFODUCTION

Excessive noise has limited the acceptability of the helicopter near popu-
lated areas to such an extent that noise reduction has become an important fac-
tor in helicopter design. The effect on rotor performance of the ch&nges ia the
design to reduce noise must be evaluated. Many past tests of these designs have
included thorough investigations of either the performance or acvustic charac-
teristics but not both. It is difficuit to determine the eifect of design
chancas on the rotor accustics and performance bacause the past tests 7@ been
performed on different rotor systems with different scale factors, S:.cral
rotoyr hlade tip shape designs have demonstrated improved acoustic character-
istics. To evaiuate the effect cf tip shape on the performunce characteristics
of a rotor, a wind-tunnel test has been conducted using a single articulated
model rotor system with five interchangeable sets of blade tips, Subsequent
to the first test, a sixth tip shape was evaluated for performance in 2 limited
range of flight conditions. The first five tip shapes were evaluated for acous-
tic perfocrmance. The acoustic results from the tests may be found in refer-
ence 1; the performance results are presented herein.

The six removable tips tested were a square tip (baseline), an ogee tip,
a swept tip, a subwing tip, a vinglet tip, and a short ogee tip. Bach set of
tips was tested in hover at a rotational speed of 1200 rpm. Because the radii
for all tip shapes were not identical, this speed corresponded to tip speeds
ranging from 198 m/sec (649 ft/sec) to 207 m/sec (680 ft/sec) depending on the




radiuys. The agquare tip, the ogea tip, ard the swept tip were subsequently
tested in hover at 1340 rpm and in simulated forward flight at 1200 1pm and
1340 rpm and four advance ratios of 0.2, 0.3, 0.35, and 0.40. The short ogee
tip was tested in simulated forward fligh: at 1200 rpm at an advance.ratio

of 0.3.

SYMBOLS

The units uzed for tha physical guantities defined in this paper are
given in the Infernatiounal System of Units (SI) and parsnthetically in the
.5, Custamary Jnits, Mezaurements and calculations were made in the U.S.
Customary Units. Conversion factorz relating the two systems are presented in
reference 7. The rotor performznce data have been resclved in the stability
axis systom with the moment refexence cente: located at the center of the
rotor hub.
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0 rotor rotational speed, rad/sec

w rotor blade natural frequency, rad/sec

MODEL AND APPARATUS

The general rotor model system (GRMS) was used in the Langley V/STOL Tunnel
focr this investiqrtion. A sketch of the model appears in figure 1, which also
presents the axis svatem. Details of the model mpy be found in references 3
and 4. The rotor hub used in the investigation was fully articulated. The
flapping and lagging hinges were coincident at 7.6 ca (3.0 in.) from the center
of rotaticn. The pitch-flap coupling angle was set at -2°. (Negative pitch-
tiap coupline angles correspond to a decrease in blade pitch with an increase
in blade flapping.) Poszition . tentiometers were mounted on the flapping and
lagging hinges of the reference blades to provide a readout of the flapping and
lagging sotions. The rotor control system was instrumented to provide a readout
of the rctor control positions. The pitch link of the reference blade had a
strain gage to measure control loads.

The rotor was driven by two 67-kW (90-hp) electric motors driving a com-
mon Lransmission. The rotor, transmission, and motor asseab.y was mounted on
a six-component strain-gage balance. The balance was supported by a gimbal
system of springs and dampers to insure that the rotor would be free from ground
resonance.

The rotor blades used in the investigation had an NACA 0012 airfoil sec-
zion. Each blade had provision for a removable tip. Six tip shapes were
tested in this investigation: a square tip (baseline), an ogee tip, a swept
tip, a subwing tip, a winglet tip, and a short ogee tip. (See fig. 2 and
table I.) The sqguare tip, the swept tip, and the winglet tip were all the same
lenath so that the radii of these blade sets were equal. The ogee tip was
longer than the baseline square tip so that its blade radius was larger buc. the
blada a2rea was the same as that of the square tip. The subwing tip consisted
of a basic sguare tip with a subwing added so that both the radius and area were
larger for the subwing tip than for the square tip. The short ogee tip had the
same planform as the ogee tip except that the radius was reduced by beginning
the ogee curvature at the point of tip attachment and shortening the extreme
tip slight'ly which resulted in a radius only 1.12 cm (0.44 in.) longer than the
baseline square tip. Details of the rotor blades are given in table I.

The hlades and tips were designea .o keep the change in mass between the
different types ~f tips small. The change is reflected in the blade flapping
inertias shown in taplie I. The natural frequencies of the rotor blade with
each tip w2re determined by the method described in reference 5 and the fre-
quencles for all six tips were very similar. (See table II,) The effect of
blade dynamics on the pertformance of the rotor should be the same for each tip.

The short ogee tip shape was tested subsequent to the main test. The
rotor system is identical to that used in the main test, but the helicopter
model body mouiited on the GRMS during testing of the sixth tip shape was that
of the YAH-64 attack helicopter. ~“e helicopter model used during the main
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test was a research helicopter bocy designed to be configuration-independent
and easily modeled analytically.

Photographs of the models in the Langley V/STOL Tunne. are shown in fig-
ure 3. The model vas mounted on a _econd strain-gags balance attached to a
special model sting. This sting mod«] support system permitu the angle of
attack and angle of sideslip to be varied over wide ranges while the model .5
maintained at a fixed position in the tunnel.

TEST PROCEDURES AND CONDITIONS

This investigation was conducted in the Langley “'/STOL Tunnel, which is
a ~losed return, atmospheric tunnel. The tunnel may de configured with a
closed test section or an open test secticn with the walls and ceiling removed.
The closed test section measures 4.42 m (14.50 £%) by 6.63 m (21.75 £ft). Test-
ing at forward speed was conducted in the closed test section with the rotor hub
2.9 m (9.5 ft) above the tunnel flewr. Hover testing was conducted in tne open
test section at several heights above the tunnel floor: 4.5 m (14.7 ft), 2.9 m
(9.5 £ft), and 1.6 m (5.4 ft). Five sets of rotor blade tips were tested in
hover, and after analysis of the hover resuvltis, it was decided that only three
of those tips - the square tip, the swept tip, and the ogee tip - would be
tested at simulated forward speeds. The short ugee tip was subsequently tested
in hover and at one forward flight condition.

The three tips initially tested at simulated forward flight conditions were
tested at rotational speeds of 1200 rpm and 1340 rpm and at advance ratios of
0.0 (hover), 0.20, 0.30, 0,35, and 0.40. These values vere chosen tu cover tLhe
practical range used in helicopters. At each combination of rotacvinnal speed
and advance ratio, tests were made at six nominal shaft angles: 0°, -39, -69,
-99, -129, and -15©. At each shaft angle the rotor collective pitch was varied
in 19 or 2° increments until one or more of the following limits was reacheA:
maximum temperatures in the electric drive motors, available collective and
cyclic pitch, lead-lag motion of the blades, and/or stress limits on the blades,
pitch links, and strain-gage balances. Combinations of rotor rotational speed,
advance ratio, and shaft angle are shown in table IiI. At each collective pitch
setting, the first harmonic longitudinal and lateral flapping with respect to
the shaft were reduced to zero by varying the cyclic pitch settings.

The model hub configuration used is representative of a true scale hub.
For comparison with the baseline blade shape, data presented have not been
adjusted for force and moment contributions due to aerodynamic forces acting on
the model rotor hub. The data for simulated forward flight have “een corrected
for wall effects by using the methods described in reference 6. The .. "rected
tunnel free-stream dynamic pressure and flow direction are u.:d to compute the
simulated flight speed and rotor shaft angle of attack.

The rotor balance forces and moments, rotor control positions, and tunnel
test conditions were recorded on the tunnel digital data acquisition system.
The instrumented rotor blade flapping angle, pitch link load; and azimuth were
recorded on an analog tape.




PRESENTATION OF RESULTS

The results of this wind-tcunnel investigation have been presented in
dimensicnal and nondimensional form in figures 4 to 14. The data are resolved
in the stability axis system with the moment reference center at the center of
the rotor hub. Compleste results are presented as follows:

Figure for data at of -
Qg N, I s

deg |rpm | 4 6 lo9.20 |0.30 |0.35 |o0.40

_h_,

Result

Effect of solidity in
nondimensionalizing . . . . . . . 1200 4(a) 4(b;

Rotor performance comparison
(thrust as a function of torque):
Square, ogee, swept, subwing,

and wingjlet tips on research

body . « « .+ . 4 4 . e . 0 |1200 | S¢a}
Square, ogee, and swept tips on
research body . . .+ . . . « =3 |7200 6(a) 6(b)
-6 11209 6(c) 6(d) 6(e) | 6(f)
-9 [1200 6(qg) 6(h) 6(i)
-12 {1200 6(3) | 6(k)
-15 {1200 6(1)
0 ]1240 |} 5(b)
-9 [ 1340 6(m)
-12 {1340 6 (h) o{0)

Square and short ogee tips?
on YAH-64 body . « . . « . + . 0 {1200 7(a)
-6 | 1200 7(b)

Rotor per formance
(aerodynamic coefficients):
Squre tip . . . . . . ¢ - . <. . . . |1200 | B(a) 8(b) 8(e) 8(d) 8(e)

134G | 8(f) 8(9) 8(h) 8(i)

Oges tip . . . . & & & = ¢ o 4 o .« . . |1200 | 9(a) 9(b) 9{c) 9(d) 9(e)

1340 9(f) 9(g) 9(h) 9(i)

Swept tip . . . . ¢ . ¢ 4 o 4 . . o . | 1200 |10¢a) J10(b) | 10(c} | 10(d) | 10{e)

1340 (10(5) 1 10(g) | 10(h) §10(i)

Subwing $ip . . . . . . . . 4 . - . . | 1200 |1

Winglet tip . . . . . . . . . o . .o . |1200 12

Short ogee tip . . . . . . . « . « . . {1200 i13(a) 13(b)

Comparison of tip shape performance
(aerodynamic coefficients) . . . . . . [1200 4(a) | 14(a) 14D} | 141c) | 14(Q)
1340 4 ;1 1af) | 14(9)

AThe data in figures 7 and 13 compare the performance of the short ogee tip
with the baseline square tip when both are tested with the YAH-64 helicopter model
shell mounted. A comparison of performance of the baseline square tip blades at
the two short ogee blade test conditions with both tahe research and the YAH-64
model shells mounted produced nc significan. deviation in the results.




DISCUSSION OF RESULTS
Effect of Nondimensionalizing

Rotor force ard moment data are traditionally presented in coefficient
form nondimensionzlized by the test medium density, rotor tip speed squared,
and either the rotor blade area or disk area. The different planforms tested
in the investigation complicate the choice of the proper values of radius and
area. A vroper nondimensionalization will rasult in a compa:iison of values
corresponding to forces and moments resulting from tip shape changes only.
Since changes in tip planform also affect the rotor swept disk -rea, the tip
speed, and the rotor solidity, the effects of these quantities on the nondimen-
sionalization are examined.

Thre: blade element analysis method of reference 7 represents the forces and
moments in the rotor system as the sums of incremental forces and moments acting
at ditferent blade radial stations. These incremental forces and moments are
assumed to be only a function of their radial lncation. Reference 7 gives a
technique for determining weighted solidities for blades of atbitrary planform
based on blade element theory.

The basis for the weighted solidities found in reference 7 is an equivalent
effective chord for an imaginary rectangular blade of the same radial lengtn as
the nonrectanqular blade. Porces at a given radial station are proportional to
the square of the radisl distance from the center of rotation to that station,
and moments generated at @ civen radial station abcut the center of rotation
are proportional to the cube of the radial distance from the center of rotation
to that station. Effective chords for use in thrust (force) and torque (moment)
calculations are given by




Weighted solidities, based on the effective chords computed, are given by

bcT bcy
OT L OQ M —
TR TR

Por comparison with this method ¢f nondimensionalization a rotor solidity
for each tip was computed assuming a rectangular planform to the rull blade
radius, as given by

Values for these solidities for all tip shapes studied are given in table IV.
Comparison of the results of these methods of nondimensionalizing for hover and
a forward flight condition can be found in figure 4. The same data presented
in a dimensional form can be found in figures 5(a) and " {c¢).

It is apparent thzt one's perception of t..2 effect of tip shape on rotor
performance is influenced by th2 normalizing procedure chosen to aralyze the
data. Nondimensionaiization by the weighted-solidity technigue, which, in
effect, distributes planform variations uniformiy along the blade span, obscures
the nfluence o. shape changes occurring in a highly lccalized area of dis-
tinctly three-dimensional flow effects because “he normalizing technique is
baszd on the two-dimensional blade - lement theory. On the other hand, non-
dimensionalization of the data by a rectangular-solidity method, where the
basic blade chord is retained out to the full tip radius, yields a clouse:
approximation to the actual physical processes involved, since the planform
variations are confiaed to a ccmpucatively small portion of the blade. Although
some variatior due to unequal blade planform areas is present when the
rectangular-solidity technique is used, it 1s believed that this procedure is
more effective in representing tip shape change effects than the weighted-
solidity method. Accordingly, data presented in this report, unless otherwiaec.
specified, have been normalized by the rectangular-solidity technique.

Effect of Tip Shape in Hover

The nondimensional rotor hover performance at 1200 rpm is presented in
part (a) of figures 4, 5, 7 to 10, and 13 and fiqures 11 and 12. When the
results at practical nondimensional lift coefficients (Cy/0 > 0.04) are com-
pared, both the ogee and the swer* tip blades require the same torque coef-
ficient at a given lift coefficient as the baseline sguare tip blades. The
subwing and the winglet tip blades required a larger torque coefficient at
a given lift coefficient than the baseline square tip blades. Because the
subwing and the winglet tips experienced significantly higher torque coef-
ficients than the other tips during ths 1200 rpm hover testing, they were
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eliminated from further testing. The short ogee tip shows less tordque co-’
ficient required below a moderate 1ift coefficient (Cp /0 < 0.05) than t.. . .
line square tip blades.

The hover performance at 1340 rpm is presented in figures 8(%), 9.%;, ard
10(f) for the syuare, ogee, and swept tip blades. Az was ncced at 1200 rpm,
tiie ogee ¢ip requires the same torque coefficient at a given 1ift coefficien-
as the square tip blades. The swept tip requires &n increass in torque coef-
ficient for practical lift coefficients when compared with the baseline square
tip rhlades.

Effect of (ip Shape at Simulated Forward Speed

The rotor performance dzxta from the wind-tunnel investigation are presented
in figure 8 for the baseline cquare tip blades, in figure 9 for the og=e tip
blades, and in figure 10 for the swept tip blades. The rotor lift coefficient,
drag coefficient, toraue coefficient, and control-axis angle of attack are pre-
sented for each combination of advance ratio and rotor rotational speed. Foi
hover comparison the baseline squz-e tip data are also presented in rigures 9(a),
9{f), 10(a), and 10(f).

A direct comparison of the results for the three tip shapes is complicated
by the small differences in rotor shaft angle of attack. Therefore, the results
for the three sets of tip shapes have been interpolated to several values of
rotor lift coefficient. These resulis are presented in figures '4(a) to 14(d)
for 1200 rpa and in fiqures 14(e) to 14(g) for 1340 rpa.

Data at 1200 rpm indicate that the ogee tip blades required a torque coef-
ficient less than or very cloc: to that required by the baseline square .o
blades except in the following two conditions: (1) low adv nce ratio (u = 0.20)
and low lift cuefficient (C;/0 = 0.04) above a drag coefficient of -0.003 and
(2) advance ratio of 0.30 and lift coefficients of 0.06 and higher at drag coef-
ficients above -0.001. When compared to the baseline square tip blades, the
ogee tip blades demonstrated a significant reduction in torque required at an
advanze ratio .f 0.35 with lift coefficients of (.06 and 0.07 below a diag coef-
ficient of -17.006. The data pregented indicate a general performance improve-
ment (reduction in torque required) for the ogee tip biades as the drag coef-
ficient decreases when compared with the data for .he baseline square tip
blades. At 1340 rpm, the data presented indicate that relative to the baseline
square ti> blades, there is a smaller tcrque coeificient required for the cgee
tip blades at the higher lift coefficient at all but the lowest advance ratioc
where the torque requirements are vary close.

Data at 1200 rpm for the swept tip blades indicate a torque coefficient
requirement of less than that for the baseline square tip blades for all czses
except those where torque coefficients were very close, as follows: (1) at an
advance ratio of 0.20 and low lift coefficient (/0 = (0.04) below a drag coef-
ficient of -0.003; (2) at the advance ratio of 0.35 and (a) lift coefficient
of 0.04 and drag coefficien i.ess than -0.002, (b) lift coefficient of 0.06
and drag coefficient less th. -0.006, (c) lift coefficient of 0.07 and drag
coefficient less than -0.007; and (3) at an advance ratio of 0.40 and lift




coefficients of 0.04 and 0.06. At 1340 rpm, the data presented for the swept
tip blades indicates torque coefficients very close to thogse requiced by the

baseliriz scuare tip blades except at an advance ratio of 0.35 and 1lift coef-

ficient of 0.07 where the torque required by the swept tip blade was less.

The limited data presented for the short ojee tip show a smaller torque
coefficient at low lift coefficient (Cp/0 » 0.94) and higher torque coefficient
at high lift ¢cefficient (Cy/0 = 0.07) than the baseline square tip blade.

CONCLUDING REMARKS

An investigation was conducted to cdetermine the performaance characteri=tics
of tip shapes designed to produce acoustic advantages on a four-bladed, articu-
lated helicopter rotor. It is clear from the results that performance improve-
ments over certain portionz of the flight envelope of . heliccpter are possible
by changing the tip of a square tip rotor bladex. Hcwever, no tip tested showed
a clear performance advantage over the entire range of test conditicns. Because
the level of performance differences between various tips was generally quite
small, any conclusion as to a "best®™ tin would be arbitrary at best. For *hese
reasons, the data are presented without analysis or conclusions.

SUMMARY OF RESULTS

The results of a wind-tunnel investigation to determine th .ts of
several blade tip designs on the performance characteristics of r-bladed,
articulated rotor are presented. The effects of the tip shapes oe summa-

rized as follows:

1. For practical values of hover lift ccefficient (Cp /0 > 0.04) at the
lower rotational speed, for a given lift coefficient, the swept and ogee tips
had about the same torque coefficient and the subwing and winglet tips had
greater torqu: coefficients than the baseline square tips.

2. At 1200 rpm the ogee tip blades required a torque coefficient of less
than or aqual to that of the baseline gquare tip blades for nost of the test
conditions. The ogee tip blades generally required less torque coefficient as
the drag coefficient decreased than the baseline sguare tip blades. At 1340 rpm
the data presented indicate that the ogee tip blades required a torque coef-
f.cient less than or equal to that of the baseline square tip blades at most
test conditicns.

3. Por most test conditions at 1200 rpu the swept tip blades required less
torque coefficient than the baseline square tip blades. At 1340 rpm the swept
tip blades required the same torgue coefficient as the baseline square tip
blades at most test conditions.
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4. In the limited test conditions, the short ogee tip reauires more torgue

coefficient at higher 1lift coefficients than the baseline square ti. blades.

Lang.ey Research Center

Natioral Aeronautics and Space Administration
Hampton, VA 23665

November 12, 1980
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TAELE

Hub type . . . . . « « « .
Number of blades . . . .
Airfoil section . . . . .
Binge offset, cm (in.) .
R . cutout, cm {in.) . .

Pitch-flap coupling angle,

deg

Twist rate, deg/cm {deg/in.) . .

Calculated flaopin
Square tip, kg-m
Ogee tip, kg-m2
Swept tip, kg-m2
Subwing tip, kg-m2
winglet tip, kg-m?
Short ogee tip, kg-m2

Radius:
Square tip, cm (in.}
Ogee tip, cm (in.) . .
Swept tip, cm (in.) . .
Subwing tip, c¢m (in.) .,
Winglet tip, cm (in.) .
Short ogee tip, cm {ia.)

12

inertia:

(slug-ftz)
lcluq~ft2) .
(slug-ftz)
(slug-it?)
(slug-£ft2)
(slug—ftz) e e e e e e e e e

DETAILS OF ROTOR ~LADES

. . « o & o @ o o « s e

Fully articulated

o 4 s e e s 4
noted 1 fig. 2)
. 7.5 (3.0)
. . 31.8 {(12.5)
e e e . -2

-0.051 (-0.129)
- 0.65a4 {G.482)
. 0.630 {0.472)
. 0.632 (0.466)
« 0.667 (0.492)
. 0.694 (0.512)
. 9.635 {0.468)
. 157.4 (61.98)
. 164.9 (©4.92;
« 157.4 (61.98)
. 16u.6 (63.23)
. 157.4 (61.98)
. 158.3 (62.42)
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TABLE 1I.- ROTOR BLADE ROTATING NATURAL FREQUENCIES

[ ..._____-«T T

/Sl for -
Mod- type ‘- - 1 1 -
| Square | Ogee | Swept | Subwing | Winglet [ Short ogee
N = 1200 rpm
Horizontal 0.28 0.28 0.28 0.28 0.28 0.28
Vertical 1.04 1.04 1.04 1.04 1.04 1.04
Vertical 2.74 2.74 2.75 2.73 2.74 2.75
Torsion 4.24 4.27 4.3 4.20 4.2 4.21
Horizontal 4.59 4.63 4.67 4.54 4.48 4.65
Vertical 5.12 S.14 5.17 5.10 5.09 5.16
Vertical 8.31 2 17 8.46 8.25 8. 21 8.44
N = 1340 rpm
Pﬁ

Horizontal | 0.28 | 0.28 | 6.28 0.28 0.28 0.28
vertical 1.04 | 1.04 | 1.04 1.04 1.04 1.04
vertical 2.70 ! 2.70 | 2.70 2.69 2.70 2.70
Torsion 3.82 3.84 3.87 3.78 3.78 3.79
Horizontal 4.22 4.26 4.29% 4.19 4.13 4.28
Vertical 4.89 4.90 .93 4.37 4.87 4.92
V ‘tical 7.78 7.82 7.9 7.79 7.69 7.89
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TABLE IV.~ SOLIDITY VALUES USED IN

NONDIMENSIONALIZATICN

Tip o o Og
Square 0.087M 0.0858 0.0854
Swept -0871 .0809 .0790
Ogee .0832 0711 .0676
Subwing .0854 . 0801 .0784
Winglet .08 .0858 .0854
Short ogee .0865 .0744 .0708

b~
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Figure 5.- Hover performance.

e W e e et ——ta— -t ——— =+



24

4000

3000

2000

1000

Thrust,

4000

3000

2000

1000

— (a) ag = -39 u=0.,20; N= 1200 rpm.

E Tip

= O Square

- O Og=e

— O Swept
Ottt i p iy i v gty lli_LlllLlllllllJllL
E {b) ag = =39 u =0.30; N = 1200 rpm.

- 0

-

- o,

- J

ELLLLLL.L_LL LAl L Ll NI NUN NN NS NN
0 100 200 300 400 500

FPigure 6.- Porward flight performance.

Torque, N-in




-

4000 [ - T T -t " ]
- () ag = -6%; u =0.20; N=12v0 rpm.
3000 -
-
—
—
-
2000 F
—
E Tip
- O Square
1000 |- '?— O Ogee -
- ¢ Swept
- & Short Ogee
0 SESEERYSVI FSRNSRNENR RUNURRNNCI NUGRCE TN ARUNERURVE FURRUUURT
Thrust,
N
4000 - y — " -
E () ag = -6% u=0.30; N = 1200 rpnm.
3000 -
- _@,/D/—O
= i
2000 |
-
-
1000E : I
0 ELL_J_LJ_J_LLL_J'J'JULL Loy girer ettt pp e it gbgrl
0 100 200 300 400 500 coo0

Torque, N-m

FPigure 6.~ Continued.

25



4000

T L T

T L
(e) ag = -69 u =0.35; N = 1200 rpa.

3000

=l

E—”_Tlllll TTTTTTTTTITTITI T I I I I I T I Il Ty
b
P~

2000 ya
Tip
1000 . O Square
D/g M Ogee
¢ Swept
0 SUSSRESNINEENERNENUISENEENENE SUNSUNNENESUNRENEVEN!
Thrust,
N
4000 . : — ~ .
- (f) ag = -6° u =0.40; » = 1200 rpm.
3000 -
- i
E ]
2000 £ e
5 | 3%
1000 e
- 7
- &
-
o i lvrrrnnlcn o b e
0 100 200 300 400 500 600

Torque, N-m

Figure 6.- Continued.

26




4000 . )
(99 ag = =99 u =0.20; N = 1200 rpa.
| l
3000 |- ——-———- - — —
- oP
- Q
2000 p—— - - ~——~~;¢ -t — —
o NS
: ,‘O Tip
1co0f - - ,,cﬁﬁLmﬂwﬁ, b1 O Square __|
: ;. i Ogee
: < : < Swept
0 thAHLLLluiHlLHlHLHlLiUJUiU“LuLULUlHLULUL

Thrust.
N

4000 (- -~ — -
[ﬂ (h) ag = -9% u = 0.30; N = 1200 rpm.
E | | |
: | | !
b '

- V- . . S O G S ]

3000 ] r {
t- {
- |

2000 - N R
. i
; | ‘ |
i 1 \: , |

1000 ot e i SRS S —
: ' | |
3 \? | z |
N | | | |

O Sletinbiliaibeisatadivion bttt atiiia it
0 100 200 300 400 500 60C
Torque, N-m
Figure 6.- Continued.




28

4000

- (1) ag = =99 u = 0.35; N = 1200 zpm.
3000 | -
2000 £
- 4 Tip
C jo /4 O Square
1000 F e queare
- OO’G’ O Ogee
- > ¢ Swept
- 8/ |
— i !
0 Qlettibiitniirpieety LLLLL_LU.LLLLLLLLLL._LUU_‘!J prhiarsinng]
Thrust,
N
4000 [_— T T T T Y
(3) ag = =129 = 0.30; N = 1200 rpm.
l
3000 |-

2000

1000

o

S TITYTTYITTITTTS

TTIrTToTT

TTTT

A

~ 0
]
op
L1 L&u LLLLL.LLLJ_L‘LLJ ol
100 200 300 400

Figure 6.- Continued.

Torque, N-m

500

ERUSNNSREERRRETITRE

600

At s WAL YIS M TP 4 e S



4000

3000

2000

1000

Thrust,

4000

3000

2000

1000

0

= (k) ag = -12% y = 0.35; N = 1200 rpa.
- U
-
nt Tip
- O Square
I C QOgee
- & Swept
-
IR IR SN NN RN NN NN N AN NN AR E NN
- T T T T T
- (1) ag = -159; u =0.35; N = 1200 rpa.
-
:
— J\/ﬂo-ro
: /i
-
-
- e
Lidrrrrp et ettty
0 100 200 300 400 500 600

Torque, N-m

Figure 6.- Continued.

29

e Y i ha



4000

()
Q
(&)
]

2000

1000

Thrust,

N

4000

3000

2000

1000

¥ .
- | | L] Y ¢ -y l
- (m} o0y =-9% 4 =0.20; N = 1340 cpm. |
- | |
- /2 '
E Tip
- O Square ——
~ ﬁ/éf G Ogee
E < Swept
EHHIJIIULIIH BENEEEN! lllllLlHllllULLllIH'HIJJi
~ (n} ag = -129 = 0.30; N = 1340 rpm.
- /0
;llllll(%'lllllljlllllLlIll Leb ity et ittty itiitll
0 100 200 300 400 500 600

Torque, N-in

Figure 6.- Continued.

e e g o e e



4000

30G0

Thrust,

2000

1000

(0) ag = -12%;

k1 Ll
= 0,35; N = 1340 rpm.

Ell

0O

o

— Iéﬁf/g%j

- o

n /

o D by
100 =200 300

Torque, N-m

Figure 5.~ Concluded.

EAanat- TN

NENUEANNE
400

Tip
O Square
0 Ogee

< Swept

INEEERNEN

—

500

600




R

32

o ————v s Yt e 3

4090

3000

2000

1000

Thrust,

4000

3000

2000

1000

o

L) T

(a) oag = 09

i =0.0; N = 1200 rpm.

~¥

]

res

0

Tip
O Square
O Short Ogee

E'r”llll AR RASREAARRREARERS R ARANNALE

i ISR NN NsvuaNi Lrrrpr i etlirtgd
- (b) g = -69 u =0.30; N = 1200 rpnm.
-
- u
-
C
-
- q
C
- |
uENEEENNENESNENENEN] lJllllllLLlUJllUl SENENE RN NN
0 100 200 300 400 500
Torque, N-mn

Figure 7.- Short ogee tip performance.

600



MW

.012

T IEoeE FHERE I 9299 29992 33283 $3333 33
ST EEE : 3 BSERIIISEI B8RE 2058
.. PRERY EEERE T RE R . *4 s <v:o«~0 +
IOSEE PR e et . ‘e ieiy e
* 4 4 -
R ey R S oe Sasss s230% seegs sevne S8 o1
1982 . + }
Teee 13225 22323 33888
8¢ +t M
boes P e beee
——— 133 ha o
H
3 Q
[os catas bl -t
T o
+ .
- »
+1
T
adi
2223 an - 2
o e 3
[See +
4 i
1 >t 193t
1 bat ok : -4
PEEES Sodue sade 2 2230 sussesuse: s HO
*e e e Rl B -+ H Ip ot
5231 33T PSS 33 x.:.ir 322358 Sese:
9000 bive 09 oS e DOIS4 3seat .
190 59958 59990 30299 S0 oo 00 0238t oo e
e be T T
1 pgae pesa ROSLS SO 8¢ t
++ bugos sse
¥ 193 24801 Seo 33 i 1
MRS Iy poeet S290¢ PesSs REaS 32028 341 oY T
je 0099 4 [ e eat +
ot Jos sagpe 9988900 ¥
ote agett sttt aetan I ots Sk  sonat ane! L
- — + + +
= T : e
S350 bo30¢ rengs t i ©
b S00 bus b e ety hi (=}
3333 S3E32 32838 $3est Spads i 134 s3istiat woss L=
poas ddds 33 1 .
PORSS DOPet ) s+ Y I R
Y*§«-¢H~r—046&40~ 14 + +
+ 3 + i - e <
- - + . he 14
FR5e¢ supns Sads Sdse o £ 1
oSS ot o sassadatas itanetanes be ;
9900 PRESS 2OPRE sogus SRR 8541 pg o8 ¥
. [oes
+1t T
Padu 00088 S 0 e 0s S op0t aat
+ + ) ¥ v )
D SR oot pare: + ¢
= ittt
.6 GBA4 T 1 31 bu o1 QO
1230 JPSPSR0E SRS S RRE T PRY <yt
3% §3¢ 333323823 f3eea a8zt il o
+ . "t T ) B¢ .
22333580 130 Sessaatoss sadaataas o
9Qe 5 t
128 s6 wow sue:
1
+414 T +
ghess T b 4
e T T
E3331 J3S 3 1
ot 1 pu
2 : 8
19993341 H—}i “TTH 1 o
g ettt - RO UNL Ot .
fma 8 s3ausn: + !
+ -t
+ LT
bt
— + 1
+ 4 het 83 8098S +
- jpaes + >
)9 SEuaS ot 1
bne oy 117
T T
ppups POE 0R0EE S0DS
. FOGwE 55958 SERY +
98099 SSuds sotes PEROTeRen IRT S [eaes 89y o
- '
. ‘ -

Co/o
N = 1200 rpm.

H = 0.0;

{a)

Figure 8.- Square tip performance.



.010

.008

008

.004

.002

0.0

.004

Co/o

N = 1200 rpm.

= 0.20;

(b)

Figure 8.- Continued.

 —

0.0

Cy/o

004

SIS0t IRRR SR TY STI0s STEs CRIST IR TSs SRRLS 2ot TR 005 NI AL 232 L s o
+ posd 04 t e
e o= + pe rt3Y
ve e Y e
R be -
0 +
- + .
rnad 31 3
b -+ . ad S004 ~tprfossoded ey 1S 2529 44
p e o1 1 e o E ]
3 I 3 e
e T veos ow T
—
— -~ +
3 e Boas eases saat s
bt
4 jvasas 3o tossads 114 + 44+ i H
4 1 T
R4: : ] .
p-+ < -+ 2 e o N
H b
P-4 be n ol
¥ A~
5 <.
? o 8 BR o 0 [
332 f 2833328
e b i +
T
ne 1 e
-
ve 1
-
T
b
- { - A8 +
< e
*
H T Y s
ask T o
3
1 3
o +
+ HIH N
T HHH
b2 I o  ana e e
 eu 0
1 S3s
- 11 RS
I8 I T
- - I BOvw ul -
RAE »e A R
+ rEo N
11 1§
T 0T
13 v
13a 1 H
b
=) o il
+ H - 3 des
+ +1
re =t 1 B
' o2}
b b -
1
L
T
+
aze
T
1
1
. aas
o ]
H+4 H
=
oo : 1 so1-izanas
++ IENELd o 1
¥ ¥ 10a 2o
PRI T T
W vy $-4-
vaan
o T agsessate
34 : . + 1D 0
+H- a8 of 9 28
31 e
T T ' . ' ¢
e e
1 €8 89804 90U s
b3 ohone ae
i i - +4 -
] T 338505! a3 easfasae s *i_t ite
1 pa heat i 504  OOR IS - § PO R 3
$ 3 s gds o23s! pegss sy a4d sles
1S S0 - +
T 29t 08 T on 7.0 9090
ot 1 1 Tt ros phunr 1]
wesney s 1 b bel be i
4 -t »- -+ . PR
1 182338355 238! 2 3383: 22332! 132302283 12331
. sevss 90 faved sdps padl séee
. 18955 3405 S9Y 1827 13038 PPE2LY" ¢73 ISP 23S %e veses
+ 1 <+ - .
- 1o 98 888 T b
¥ as 23994 e od j990¢ soqwn by
by - 4t + yrds oe sty otedeocafs <otafoere 12 TS SR ST Tt
! il EOS RSO EE 22200 S RP SO SRR IR IS ok fas 22 2ETES 2ERRE RRT YT TIL
S pas b 208 35905 DRSS 123094 PRS043 SS108 S0 S9941
el 1 133 [0S 50998 BD0Y’ 45006 S009E §E9SS B ETRPS SOP0S PSS L8
1898 1004 = ST 32T IS 3.0 SRR STST2 STL0E 22T IRITL IDTTTLRILL LI
T
- PR SRR IR + - s A Raetd it ol s el R s
- SOPUE 29002 LOPPR S0 ue ot < pOSS SODS SRt pioRe

LRrTN

-.008



. SSIFYSEETEARTECES 4;, 4:...} sggen angs pasns 1T
Sont IR we NP1 :
e 1 1 T 9
1
i i
» 1 1 T
T t T
Y T L
> 3 - -+ e
33 a0 3s: : p dom g g
1 iSRRI 3 :
+ RS + 1 -1+ + oy
. ) INe SUSEs ) t t
\ Sapssssestyssassaass - :
HE : H - pe o 7
SRR c
P17 " ue
-t r et -w L]
T 1 '"
TITT T T 1
- T t T ' T
|88 T BNE 8 o +H
-oﬁq - " f¢ 41+ -—e
3 t T I 1+t 10 81
:tl‘ T T NPy T %
Tt 1 T+ Tt it 1 . 3
il L] - 1 24
T ) h
! 1 T 1
' : 3
o nags: ; = b ) Ho -
. 1 e 13 [y <4
131 Hirt e S84 L & 1 T |
jonsdonans snang Sesse 1ot 1 " " T
R0 e DE + . 1 j&w: 1
e — — 1 I - 1 IRE L
1891 t T 1881 T R en o1
jmwt T T o 3 T 1 T
J e - e + b . - - 1 pe
- M RS ;e | . -~ 08 e
T I g T
SRS SN R - . pase sgRul HSSEY FEESY 8 . 34
SRR SISIIRs s sucks 383 Ffess SIS FEse 3
ot : g B - + N SOPEE 81 +1t o
1 janssanle st I8 08E SOS bl i SROSE BHS b
? * s sas st 1aq oy oo
SPPEs By T Ja0d PRGNV BB o T
P239% o NS rane: g sussesae 4 et 1 =1 : 3
SOOEY Sbrud SOEEE VRGN o " : 1 sttt [+ o)
T S SOPPE POLAS PRSRE PPUS SRS ( SRTSE oY T » . "
JS22E 13351 SITES IS : 333532 o3 FISEs 35 SOIRY 33 fL - pe : | .
joae ++ jgspons # M Mgt s 3 1] ‘8
ohada o : s oaases) sedess $ Se8s 5 1] nd
—— . e e B M M pe 1 0 Y 5
? 1088 108 0¢
: Lt 13 Ioe o : T L) [~}
[hegs S0004 Sobud s980Y BRSS! 0988 i ol
PP 95224 sURys swas nuggos spagen: T o 'S e
JS008 sndie S0 2 ;
S90S Sa9an 09500 08¢ 36820800 S60ae S I su s e as o -} [~
jhoes 3089, JESS TR R ) pp [ fhar} [o]
16 808 e s smere : T v O
S99 o ISE BPuSE 006! 1 T 3
+ + t 1 Tt <]
e sugby B T 4 Sus: v o [4) 1
- T -1 3 sggesugese pugue o1 - Q »
Es T : 185 H-+ 1 ©
+ ++44e449 b 1+t } -
! 10y 2 " T L0 [ ]
- ' T ~
SOpRy $RSSS SOES ARSTA B ; g
— aa Raete SRS RS A1 I "
I ! o
ugwes scoasi FERSENORNT os su : + ssegpe
s SRt de: 3 , 3
T4 e+ b1 }98 98¢ ‘
SESE s S Eifecessaraisar ~
[ + )y ne
DO B sallaon” &1 + +
IPOOE BOUY 1 + m
o v ades oot . +1 + i srds
PROPS S PR N eefo-ocdecsibobredrbiigaiy + =~
oS - . crrfpt et ppetrrae] o8 . |
19699 $900« G050 PEOE SPSS " + i :
RS SRt Ll s2ate oo 44+ o Soacs BRGTE Sht o -3 }
R e e e o e o 0.0 o NFE HHH
28 15ssasssssant Ir o @~ s
oot j2sedbatas oue Pl 1t
12S 1422 Lt""“”“ 4 @ T+ H i
A 3 S0 aedd sl -
508 > -
[ )3 pogeed t
+ 1 ot +
SETEE 00 04 4
pegedasgessgps (11T Q
. T T R R LT o
Do s fae o basud bessd Cande o +—+ + + )
44 + ,Tvt Rl ok + + 1 ]
>y rhi aben + ncHHl 441 ALI i *
readuss sassd aages sangseene T
e [0 SR + + sue
: SR RS AB, 96 8ut Ig :
S0 SP5E SPERg aRa e P2t ao0Rt S02sE oo et T 8
P ORTYTRSSS S0SS PRESS TRETS DRGSY PRRE TSRS 208 FRSTE 2SS 1
IR REETs Bl ntt suntd ob! JRSOE pRBit + jo g s
pROOS PERES BN S e soe PPREE DN - : 4
»ti‘ I22AS 2R 256 ol 6B aBed IR e -4+ + 4+ 11+ 141 4
T + T rgs e snaty
S000 SQSPY SHLSY +-4s 4 - ++4 + pe
SEP00 08966 Nuds of Tt h {‘ 1117 1
. PO SODOS RN J.. ceveterbidaese]ess +4 +1

35



o
ceen . 1533 JETTY oxy A FSET T . B ISSST a ISa%s LTS su ey teiedeion
33t poos: seav] LEE ORI NIE ST fods N33 S352 ifee: Sessl SIoE: FEAR I, IEts seke; <
R et e Hho: fyety pee 2 freed fohys Sreetens Nraly
-
09 bo¢ jooy 'S oele s gas
R 1 e o HEEIRPY
—=k S B133 30T paany paoes 3T EREEypooys reoessoes:
281 o, 3oy a5t H T i
! : o F
? 0.9 o
ST omon ~E @
RO T T T T TS
SEEInER Pery ety fhose seass el e P33 A
COo00aqu4a
HG e +
TS : o TR B e 25 THL
4 : yass o
el and )} .. N

b3 + . bge & o212 2oy

1
.006
Co/o

e
hs T » 2 Joug
1293 I3 agze jogey 3 2224 sy Yy I
[SSesdde : popd]
el t‘ -
beo! e 3 oy Y be
o -~
— - e
bone (&
3o Bs 191 b [S2SS s by Paed 133= 2 s
[9wes 32 . (=]
N 4.
[Sfe
ot ? 833, "% ae 33528522 e sonas
04 DSy
o 28254 5o
-4 - ek § L*—rr
e
2997 buq o, Pl e
I 3 133 HEHN
[3 233 s ras )y paes sy ool SRS Tee spo Ty o, e [232g2ys L=
corfeatTnr I3 8 -1 43T o
- 2 sdwr 3 2
[og Jenng IS P90 I222S Svey ROQ o
. * +
poe pS jSsag bes
ISP 0T sog BOue So92 sgfag s Thess OIS 20704 savey L fnahe it
eay tae +- -+ Sredagan M Oaa 22T SIS A DTS by ot T Sdd XDyt - boe Eo DY e
P3¢ 544 pES4 Fe 04 5 504 : 28 ke
: : jes J335e sonde pes [gss (20 bagls S9S0 dug 59 Sow
seeadllTy 1822033 $303% ctyet eate 323 3300y od Ppede sveey POLST ogy e Py
By L 0e Suwe v [ o%e b pos
- —— -+ +
t s oo od 23T 2% Jo0us o oo PR ey oP Sy Soves RIE30 223z e Segee pod) Qo
e S EEL 223 E 23ens saasa s b eass S50t SEERYSITIT 2 ISP 322 IT2T S2aes rues 3323 52232 22294 2oy
332333300 s328 Pde Py S3eas eoden et ot SRERLIS: 9399 54 il z o
I 290 sa¢ PS94 o 33 IUST Se g os 10038 bouda S04 IR 889 o4
$225¢ o0 pe = e S g seue T Re o, 33 ET0RY 13993 Fonoe w382, 32521 raget 3tes,
.
: [S2%% one IScq Sodne $230¢ poa: 33y
20 anas 12008 sy o sas Ly sodae I2: S e
poe Shass Soact PIRTN soe s, — ban £2217 $99 01 < . ST Spe [asPe Sevuy
ooy S 2e S2237 Soxer reon: JARRY STTTI 2T rr rane e S33B12PTTS cun ey avens Tiieferd
—ilit PR 904 IO0s STies L2004 S804 ———s}l el [99¢ 54 .
IS R 50028 3338 2oves I BS3 sots: sasad Ll Sde

pie LS04 6 sande LO09P PO 228 SRS

«30; N a 1200 rpm.

b=
Pigure g, - Continyeq

(c)



ac, deg

41:,“‘* ,\.{ itl '}-t — -} 4 + '
b T‘f“"‘uvt 3T T }
- e e
I Seu i .
bbbl
Foos :
e SNBOU EED
NN a4 Y L
R0 wu + + as (34
ogdu: 31
b b8own 20u0s nang Ss ey 3o
seliacaseds) 3
—~———dl 1 il
J 17,
b — y
lewe 2 re "8 Puw o
es SRR aaEa s set s sy ses sxter aonps 3es so 84 t
P ‘e us T 1 Tt e T T 1 54
b 11T vad 1 BESY 84T 1
- — - e e DB 4 12
'y Bne H alll - | De -
. I 4l i1 M e
i pa bl d. fl —— B
yow e Tt 11 13 T aay
PERS &4 1 - i & - 4
T IR :
S8t puase sRu 1 pe
I ) Ipase sugn
b mpeis e i 1§ - .
L. e T
1 DUSEA s e by + pe
b ?H ‘Ill 1 i + ;
i 1
e oo o] H S «
v redds ¥ LS 28 + 444 - - — - » '
seees T 1 1, puse » 1T 1
s adS e nas 1 T3 IS eng s
- s ba il g T b Ll 3
P a@ B — ——— it - G aE By -
- + ——ad 1 PESE Fau) "‘I . e 11 e iy " e ot
— ISR sus 0T SRR 1 20008 DgBE. & S8 5
: - - i - il e 4
ot 18008 senas snnle ol bes o Sué uwumi luusseas. .
. 8 . . + 4 ) e 4+ 4
e S T T T T Y :
b b+ 2O BE $ + + + -+
“"‘F"TH‘I. e A Ge 54 Bt foags o8 ra e 1d mo o
+ bt e, - il — —— PEOE A & g —t bl
- — . o D¢ + + S UE B¢ . + P
+ 1 + s M -
e + 4
Sheas sond sdedean o 4 Iame
+
e :il""HT""‘* b H B3
S 3 — an ) g
sevae $ +
be A0 06 Sam: +1 ——T IIT‘ 1133 e oae
-l 1 B Dipe — - 8T 0P QD8 Sy UR —
T 11T 1 1 ? T bads sang 1
POOS By : e T e e 108 souan aus 8
hdot Snous saube sonss Segn e d! o ot e e e T
. e SRl SRSy IE oot PR T I s sERe rass yanss 3332000 ganpes: FR T se3ags:
B2 2eude ud —orrfe + 3252 Cesus soges pes. 4+ 4
POOSS 1 coael Lo o8¢ sease seave PONe ponEe ooty SS00n &) 5 3
veerdee g 1.-«»‘A e shaad Saats - o ‘H 444« enalkoas i) sodes +
b - — 108 Bpe ———d L —
oaes L3 sonas seoes eg2s sssssunas sena: 4t - ¥ 48
ates $575E 2000e 0000e SoBer e 8 8 : 1 20 o
baGss sos o) Josas 28004 o 1600 st nae soass Cor oY 2000 petas soos 4 e ot -+ 4 4
[33333222¢ 29000 pua e vue 28 red s 23000 228 suore ou; T 12 T ¢ 222 —
POS g sedes oo boat )91 L 1 It ’0 ASS 98 B4 '
[ E0e poaks JO00Y 408 144 -+ -+ seads ouna 199 Tttt + + + +
8808 2ot LSS — s 2e voacs nos2s ~ s s 52528 ooer ou L -
- B i — . e 1 i it il L <
Soueesens ! :
e .HIL::.I:“A”. lodne soute sodas oo St botee e Joeas: g o acs S Tes: 180
el Looue b pda
$ + + T4+1+ +
[ROOS SOGbe: -1 + M o ¢I+d-f+¢‘. 1—;;.._" -+ +4+-7 1+
et 23 22T 2pe oy P08 S ks 22T PSS jS2ST pesaw soen 128 Pe yuea RS 8 . swed
EEEES BETon r2R 3 22008 COREE SIS SER235T < s 3833 25558 Eass Sopey asts Suaalas0isLsTs: THH]
S OSS otts cotll L2000 Bibbe bndpe M 58 srass Jevas ssane 84 {
N S8 E30RS astls L2000 sobee pag 2200 foat 2 - 4
RS0
T ©
'y a4 b
T eu s
' : -
a3 suudd i ]
g T
ING a
44+
IO SR Oy e
e
1n Sonen oy
e titt
+ et odde 44 e,
ES2e) S200s 00084 ol ~ 3 pe
IESe COOES SO ntt S22 2T HP0he aoted sendd oenanes
Mddd dad ChIEE SRS SOOSS 68 ned aa e ild TPy Prsobes i,y -] -:m: i® odate $+—4
P00 SOS0E SESOS eces TRGGN CRDAS PaeY ' o o o WL + )¢
[900% SSEE Sotas et S00ee anaue e tnoge yowe . (] Mmoo - b ‘Liz pos
19299 55608 $200d sotns sotl: L0004 tndos savde e HIT o had 2enne 3 (o]
s toade 2R DT oG hideu odhas hatls 1900 jodes sabas oL ' , l , b+ > 44 Sod soeas by N
D003 $SES3 23003 S2SEZ SEIL? 22000 soeer it 23232 2220 0SS Ea L IR g
R0 SEEE SSTes EEed SREES IRSSI IRTIS IRy ES22s 13227 SSISTIsIeL I3Ls )
1004 15588 S0RS suociicsD? 2000s S nus baduy s JOLT 337!
WEEe S4484 5851 $202000008 baas teas Soved IE233 Seped sapeeastis 223 -+
Shaws ey lo0s Sdons socas 222U Seves ainloe 0 0 q A i+ +53
" [ 0624 (8500 0000 soiTs 29004 06S00 ped — >
000 0583 Sloce STETE 59004 Bodow Sgeoy jSoT] 2000 v Seass
084 Daas SE0ES Do20e odaw: 0des Alass L1208 200N 2404437 ++e 4 4]
IR Sheee ISEE USRS 2SS 1222 *ruas pay trredrens IO00S FOBES oS Bad silS IZT* B0 pey IS 23S IREe S on e
RS2 S2222 £204 PO04 RSN ”i”'"’"‘ pSose $3804 Saal 20080 bbuld Sone badel Fias seadd 85222 KROL: ]
2993 09503 $5083 020t TRELS SLL2” £0904 boatu $bom jpepe ISud et of bos oS 201 12500 sous et 13T
- (5004 ALERS 12299 00006 U dd bEaSS satls S222Y 2900¢ $ hide losi3 SRS 13223 £2998 59000 S8094 [Saks soass o293
33232 22900 sunee sous = " Sounet ] s 18 sanos
AR EER EE DR S SOBEE Aatds JoUDs s ol LR T o v bosdos oo Bl ks . - b ad
- SR0N0 SOESS SERES So RS LSS ROASE SO Paas L2200 SO0eS of DOPES S04 [OONS pod oo - .ot ﬂ‘u'—’i—.—, v
»3454 SEXXE TRETE TRTRY 00008 0 =333 33552 RTINS 0200 S353 SESTU RREL IRTOP PO [28L! ,x,. (2322 2908 o
. o © © < W) o
. — < < < < o
. . . . .

(c) Concludied.

Figure 8.~ Continued.



.010

Terdres i vrofevtofotitfealodiiitfeeqetotiiprigtat: 2 =4 =2 3253121 4+ .
— + + + } M+ 3 3 1
‘:’ P Bt + + -HN"T
4 » 3 T e 1kt 1
T  unue 1 e
oY T T 1 T T T
' be
+ 1 + A4
o - - e
A .y - - H
RSILILE st3h I
Fes 1 . i3 T
4 1+ aphase 9 _ ©
sese i W o 0 o MW
==t
P B OO O~ - o)
e foaa
HH e ! L1 o
s o2y ot o
T HH 3 .
a2 cno$ad
f‘ p e o g o - H 4 e 44§41t 44 4+ 3.
’e T o
gesse 1 at 3
- 3 L ~ .ana
= + a3 s a8t ©
4 08 sae: o
123 T = 44 44 + T O
1 ol .
T
T
T
+ ! i o
: : : >
T 5 b3+ -4+ b4 23S
+ 4 U
oot 3
1 e
* o, nses: " -
T b4 o
? 535 : ]
) o .
R 1 : 3
T
.- 3
D4 + -
1 T SR 1
> : sasesmmsages 1 o s
1
1 04
i : E P o
rescsaan. t e saomas: HH o)
* ; T et
Fesssens 1 : o~ o
! + 444 $4-o3-+4 + + - 11141 (] (=)
T b b ba s
t 1T 1 o o™~
3 b4 e 3 N guas
t
- b ); - -~ { %
* b
- < e bd bu .
T e sp gy
rasess =
4 be
3 3 e
—
e nawe
e o L}
foad ¥ Bl b4 Tt Ao af (7))
e 4 .
- sssgesssage o8
1 Foee ¢ (=] o~
2 0e be snan o 1
-l e .
e a0t e
T T yeuns st
7 : o
~+- Tt
speesyeegi gt } . 3 t [ ]
opowe e LS LS 44 v - [ esseg e
Soh ! : =2
paoe- +
jee 1
Y 11 3 o’ -—
1330358583 oae e e o pos o ve +
pad T 3 t - )¢ o
- -t —r - -
be . b ek Soc
e va T
+ + 1 —
3 1 It
be T >y »
T . b il bws
1232322220 32328 T op 129 suv g e sos ssquyssneel
M iy 1333 e
e boe sbdas ol e » 0
T e
1 24 I
bog 1 29 S bt o
1 ++1 ceferoste [eaae o - - o
e
T
¢ {oed jose
- 3 $9 oy 2238 ecsa 5o5:
t $ T T 3
< + o o
: > pesesd - +
res sbdes oo ~
IRITLPLLLE FRPRE SRS 20O £0 69009 posvy 1229”2323 PEPE QEUSY SRS 292 S20 oY 2RO a
- [OSSESES PRSP 29006 0 o oot PSS
S04 b 7 jese (&)
Pe R ey 2ot ~ vy Hi
- * - + B
? + 3
B - —o— . 3. v
1 3 e e Q
3 ereokesseder < 18323 3388 vevifossodrrivBesrstorerdesert d e O
‘s -t ¥ o~
Sogped S ebe e 8¢ t 4]
22933 sgee o < be 9 STt 2R 2208 SO 02 ; |
e e T
- g o0 § 3 20 T e
. 32 12232222 22 etiifroferedoy yrr[srot o fetd
’ S 32238282 3323 .E.. ISR2 '.:;_:“. jS133 1238 12283
POoes JE950 Sodey SROE SDEES $OSPE SS90 20090 P4 popes
POPSS SOO82 SOS L 222TS 20 fosol Toliiigtil Tevdrer s
SRS SOON 3
[RS8 S00PE 52908 29208 pa0S8 [ 22989
.. . .
— o o
38 F POOR QUALITY
[
e
-

Figure 8.- Contiaued.



oc, deg

{d) Concluded.

Figure 8.- Continuad.

39



‘panutluc) -°g Jinbrd

‘udr 00ZL = N ¢0v'0 = r

2
S

IETS SETOT POPPR SUTYT PEveS e

Stoe

P o

o’

144

90’

80

or

40



vosedroasfers ]

sevedeeafocsd
ssesfressfesen

Feves creefrcastansoforcegonantd

(e} Concluded.
Pigure 3.- Continued.

ORIGINAL PAGE IS
OF POOR QUALITY

41

a

g



.012

.010

.
sessfarace
sosoforas

.008

N = 1340 rpm.
ed.

.008
Co/o

chovengeane T
200

P2 22402 £ 220 Cobscsabacasbonne

H H H

8.~ Cont

inu

igure

F

”*n
. R S o
: L)
P o
\ ey L]
[=]
: : & Lo . : B e (=] a
ST CHE S S HEH R R B B B S 5 ] S e o
RS FEE . it 153 $23% . B IR 13 W
e s IRt T .. . arendy I3 3 BRI XN N rerafraenhe . . sk tees had
SIS Y RI33T ik B B R It ) ST SR EES e : i o
caen RS PR ve e R B Iz X3 . PERET TR RIFEIE IR P . . 4. PR o
SR BN IS B : [EEES DRSS FHH SN B R . e
< o
e e
42
FRC Y I ~
'



et o = e At -

e

Sn

/%)

‘wd1 ObEL = N

spanuiluod -8 aanbta

oL it 20 L R L) LA t..;h “
LTI R L s Tk
TR T NN
bbb xa.:v_ R R ETIR T IEY #4/
e _ m.* nma...._-_” Pl _ i . : ._ z_, _ % Jf +
: _ : ALy R o _ .u; AR J..‘../.ﬁm:m..!\
ey i PRES " RENS % e v
| [ Y
UE AR L L R N
B P A N L A 0
i ! : i S R BN Pt
....... . ; n. L. ...r., ; mlT.l
: : _ . ¥ YU S S
S Wb
” .-wﬂ.r

20

1402

90’

80

43

P

o



crarhligobprrargenie [ IS M 4 N Pe SRS SO S DS S LY PNDED SOSAE PG SS PRIYS PRSP RS + d
ST IESTISARNEERENE JRTRY JRTUS STSUN SRLST JETTE LSS SRSRIANTLL LTI LUSEL IXLES SRS L NUIS: Jatistt
RRSGS 29058 SOIDE ERLDE S S Het-H 3L . PQEs 9y PESUs Sy 008 SRRRE RUpda Suiy : FSgY Sun
—vt IRTES IR XX ZRORe Dy 3 fH...’ 44 -+ .fg Af PERPs regie s b (oo 8s 414,“...’7?4
204 pou IR Be e BEg BaAt S0 FOPES PR DEE LEBEE PUD T I8 DUDES S SO ES
SHSES SS9 Mpnd - pary SNEES BReSS B ang 8y + kf
vy .. verote . iy +
IS8 SROE PURNT Sases ol IR I L LT e oo pan
RS2 2020% 23] Jyus
+ x SN
RPN S SEPINN Fonee by v e
[SROY SHSNE P o Peges s ans st
—i 1 e

e
(]
<
A
i

4 +

Fiout ptbnd 80004 SEvar prugs Sest 199

R BT IR Al & 00N B :j

e IEES 229N IREY TR IRESE PORRE PRTS POREE 8.9 884

ST SE558 Saae: IS533 BERNE 55500 (oS08 $34 00 S8 Tab ot

PR PTTTE ERERy P e SR R R e B R e )

P B TR 300e I0E0S TREEE bbded badutl banse Basna
Tl e . TT

6000 Desed buped Bl : pnags Nesd Uk nws Sueas S9gRE S

SOOPY PHSUY POBDE N L -t«.—j-‘.-.- PERTS HPSN M Bt

seged Segel seetd Tetee apert piees soapapedss pegsqpdons O

ISSS” ~SESY Spas SEEEY SETSS Syaes ywuns
2] 3 o
hbe : p:
B el ol et s & + -
o pet bovhe band
+ T
!
14 i
-~
[ T ‘
1
e Snees suns pus g Raow
t

et

R DR EEE
IR LETHE CPESTY
B R St o
o i

44

[

ac, deg

(g) Concluded.

inued.

Figure 8.~ Cont



h

uda
oveEL = N ¢
og°o0
= 1

(q)

o1

45



REES 12 B . <
S IR BT .-
SRR IR ..
IR EETES Soed ..
p .
cierhoesscfonas IS
< 122 $589T kX
- .. IS TERES T
. . . [OPE DM
. .. cefesect..
PP .
NP “
I ..
YR S2PRT TR ..
R SRDS2 IRTT2 22229 B
IR PRRPE POUPY IMPENE Sy - - o +4
PR RPN FDS RGN S srosfotisdoersotodes
JRE SENMDE P Iy n IRER 2222 322 128
Ceee ceeede wn .. SOPEE 200t SO0
PO NS RN .e RSP DYQws setrederte
FET02 22009 foaey sogey vus oaoo T
PP SRS .. Pp e — + IS
crrafeses s odee -
IRETY ER e o -¥-. ~dssoageied
+
REES 2RRES TR 2R IR IR0 £ IR I I r e et IREEE 2222222221 2R
I RS R R SRR RS DRDY R EpeN R 2Tt TR 24 ..»«t:'o +.
NERSES POSUS FRNE RD2TS 2XTTY SR000 SOy PN SRR STETY SOOOY pRDPS SPPe 94 09y
PRI QNN R R R R R R NI I T e PRESS SUOPY STTEP SOPRY
. RS PR R I s poses
. IR IR 2RI IR IR I3
. TS ITRE 2N 1 IS2ST EREN ceee
. PR IR EEET IR R 2 fvooe
- PPEPS S TETEE TREES IS 2R bo e s
- . [RRPPS SINPIE PRNE RRPNY See cese
. PPN SHDOS DD PN -
. PRPOY PRREE PRI SIDa
. PR DPPED PUNPINE DI «vs+4 QO
sl N N S 533 IO 35S IESS red 4338 FRERS ERA3S Iy
- . . I IRROS SOGM coesdes £9 SRTVY POOE BPY 2ty
N - I SN PRI cesedesen USRS & vesheroofoseotraontoces
. . PO SODDE DHGEE I Seses
RN DI IS PP ~ooed
R T IR [P PR
IRENY SERDE PRPPY NI .rr .
MPERS PRPPD RO SEGN $9
IERSY TRETS TRODS I i [RO6] SOPRS SSGES SPEY
R R T I - D e R S N N
IRSPS S EREES PR o . covobecocdeeratosoed
SE0S SESES SESIE § » of S5SS: l
PP UM SR e JRRDS PP SRS (2 ERPYS RGDD PRPOD SHOPE
. PREE RIRINE IR PERE TR PR seseprrrrfoecradaes e R m
. RPN DIPIDIE SI T IR e R R R R I R RN e
i
. ot BERDS I ISR SEREE AN
N TR DR Y 5% R PERES R IR X TR X '
. PPN SN (PR PO MM S IRSas SORDS ITTEY
. BRI P & IR R RS PR vesodeciagonas
IRERS SRR . - jS8 posse
N IERP SOP0R Shod
. . sreefersctaesd
. il arveederiat e
. b T4 .- M -
} N
DI .I.... IR RIS DR Y Y EEREE RPN IPIRE IR PEEEE ERICEE IRy l
IR SN PP SN SR TP SN SR S IR PO PERES RRIE PR
RS RS E R IR S R RN R I IR TS L2 L Oy SuR) DOORE POREY P
PG S X% ERRRE RERTS RRRES SRS MRRae SN PIMPRE SRRDS DOENE SN cene ey
DI M EREY RPN SUNPIY SIS PR SEMMPE SIPEY SRR PN DT N “rse PR
-t
. I TR RERDY PR PR B SR I PR . seeofores
.. 109 ERTER ERRES RERRE IR IR 0212 2 TN 22101 TR T TR e poaey SOuae PRRDE SEDSY N . RS

N AGE 1o
ORIGINAL P? :
46 \(‘F P( K)R (IL].‘\!.A!T‘L

a. deg

{h) Concluded.
Pigure 8.- Continued.



*PANUTIUOD -'8 Buo¢d

‘ad1 QpEL = N {s€°0 =1 (T)

PROS SRS
coesfrioafeedl

22224 I

P R

TSI IR3RI 21 ¥0

1

e .O\Moa
12233 125%. I 12

reve

o] 90

PPN MRS U S

_........ ..|.*.|...

i 80

—elifies

: w : : :
Rt SERie statt SUAEL S R S RRC AR SLERLTEERE SEEE
1 H H . * B

1 p1

47



o

. C . R |
e .. i‘ DR PR PR SRHOES PRNEES SPPNE HHHSS QUOEE DOGEE PREEE PP PN
o B DRSS REEES BSOS SRTS: : 5
| :
! -
{ oo RO
4 RETEEES SRSt :
NI +
R I it
P .- et L .. MRS PR PP

S8 SUBES SHUDN SEESS SO0

: ;
1 ol
T T o
R i e
B +
1 + ' .. v
o ‘ ‘. . + .- .o .

10

ac, deg

(i) Concluded.
Figure 8.~ Concluded.



*aouewiogiad dry 2960 -°¢ 2anbra

‘wd1 00ZL = N

0/%

‘o

0 = n

(e

)

dabn
die1dg
1y

L
0,/%)

49

R



50

.010

.008

.008

Co/0

004

1372 L3S rpeve ryees ¢2R9S T2 1223E TN 12323 32:X: 532836
vescdloiifoeed vevofores cpacticerdades
SRR es SoTs SSETs 53433 B3] bebad sobly o8 i
1938 63388 SR oo 33283 Savds shed 33320 s et 2Rt jesasie
——rer T T
o peus pas T 3 reas:
s Vads e sa e
132 e Treeaed gegeers Rty b3 3
1999¢ rube 252¢2 220E 00223 Bagss S22 1R2gS S222Y TR ! T I
44 Lotdye e 33
v+ 3 20094 So0ne p20 > Tt
59094 32298 S00me SoeeE s2sss 2otk jogeitest: bg oS
+ T
o083 830s SEoDe 3o o -
jooes ) T
J02ss cetet ael ¥ s frraedrrrebests 3o bt 143
hrafrioagetoc] verfecsrtorardiacafeesagioiafroriys + v et tr p3 4]
ISEISEEES FILELINES: S3T33 S450e j33 33! Ej3Rgegatias
PIOSS $9444 Sa S eSS e s . By L+ $
Tevehresrdrescfaiietoorebretigeren tdisfovevtrreodorey. P 2321
pogs o P . ne
[Sgeg sayas soagy epuat te0d o ! s
bosps8 44 + et it -+ I
12222223 v v 2239 ¥ 3. pos
13335 L2388 222 e pegvacaune seasy Spgse S128e SRRl ches: E
cerrtrs e +
12333534
3 11 T
,’I. e ¥ o
T : e T
' 84 B8 re T s nnnwe 1
he t 1004
+ oha bus 3 e o 1
|epus egeus speoueyeey seeny sesay 29208 24003 22202 3 srefrity +
+ + -
- 2s ok . 3
1T ause pev t rnuns e
5o oh > . 00 00T t +
T be be T
e 1 e o 1T
3 foos chat £ 1] 3 Jos:
ety 1999 YPyee ¥ 0 pawy rrrodbobifed S9908 SEGEY SERE R o IS APQ Y S92 84 SNPLS SR »1-'-»«
tevefers o ¥ e srtedor
pOR2 2ao0a SoORe sty ;
[P Re e DR S ae tn aa! v + e ++44 o et
* ? 1T be 1 35 55UNS PONAS SN 08 OUE FEE S anss
phooe Iy 17 ' )@t T ¥ 1T T
cerries s ¥
joSgs vegse 2228 — b 3 - 294 Toist it
122223 22223 3 Bugad + 123 3eeye pge s 2 1294 22928 29208 2R RPE ] 1 -5 -+
ad
1999630994 0908 b e o Ba1
IOORE SR00S 2o — e
IRSSES9Ss Legve oS
pere cany
T T
poe e +
1233
P292329238 228
&3 5
1222335223 3228 ¥
SO
12999 300 20
j900% 40009 294
oo
ppogs segey
0gae S 222S o s

PSS S 20

veoedais

.002

0.0

MASE26e0S 1223
SOEDS S0RTS 2000 0
foresfooriiesintess
N S 3
1990942008 S000E 200 Y
beltoeert
19223328 12 ¥
109279229 29999 sx s oy SOFIFIRERY 'O upOeS DY PRY SRVES 22306 SRS B9 24 Frtasts ves pe 29 44 e
coe t - $4 poose ¥ 1 + ++ -+ +
fovoote } 3+ i
20096 $00049 Snoes 99859 $9S 41 +o- e 3 | 1 *’T"’"4“ ppage e +i3-+r
ey + banE ooy et — e e 1
suuwnésey e
JROSS YHERS Sepu e T " — T gt 0 0%y saged
PR e S e SR Ee + - - +
2992323232 022s s daos- +++ 292328 95890808 29002 ).
PeeS FRRER 29SS Sosas 29922 21 Tiipeotsdetetps . [3oeodeterts il 44+ 4+
T b
-v::t —rbrtrier ~+ T + + T
Cerete ¢ R e oot +
ST I3ea] fogei s : Sas: sesss s, T
+ — — +
seesp e
1990200904 Soues o009 53¢ 3~ 108 Sut - Trert 1
bOOSs DS SO084 + + +- -’
Iiesprridlo et ety PRESE 29228 20y 0e sana
10905 FTTIT 1T LI POTY regnasaens saget seesy nee e SRS TE REREL $ 1T vead
IHO0) $208% 49598 48000 N st +. Jasen o Ree
iafier T e ee S 30084 0 e
bEe 00 60090 $5968 shete 02994 S0004 09994 29003 2933322932 22221 Silefeies

.004

PR o1 >, ve joSwe sogtd:
rerefoer s R Al e cotdd aaste Aol PBod
-

eo23 S2RES SLIT3 12022 po0ve squsessrey auner secoy teaey SHPTE sy S L2028 SRLET ETESL SRNLE SETTL STTLL LSS
IR IR T XN e GOh e e A d uo‘vtj-o‘-a P B Caant bt s Badd LR ad -y
cevedievacrias e $6¢4 50000 54404 90008 2oty pRpo0 SSORY SRS SRR 0 3500 1080 [
[3E3S SE283 (2ons soges sovad cooet shude 60020 1200 2208 S2T0T 23 00E SRIRE SE R0 22222 S oIT2I0SEs 2023110
SE4 + - — be pe -
boevodee oot Joss sedee 59800 aapss SRS SRaS O e
IS4 j2s¢ Soeae s e poss pooy jsesa
2588 r9000 84034 50950 09934 SOLTS S22 13003 50040 pEovs $3907 $2944 tpeee 2go0e §9321

199 99990 22200 $P00S S22y PeoRe GBS 12797 PRR00 PRees SROY PERES SRS S TS S22

9223 S5904 $3506 2584 14353 $5044 j5o33 59084 §3408

Cy/o

N = 1200 rpm.

u = 0.20;

(b)

Figure 9.- Continued.

OV

P



-

R

e

PPN
PO

PEPI

R

cree
cees

vees

. PO -
- N
- R

. .

te, deg

PP P

! '.f i :
R e L 0 Ot

b
.
'
‘.
.o
I
'
v
' -
!
.o
'

.
.
PP SR

—t

10

xt

(b) Concluded.

Figure 9.- Continued.

51



SRVOP SRy
2R3 22302 TN

.010

a1
jose
I2eoe 220 o
veoefoceafocar]
- - oo

-
srecfoeesdose ]
T

[SE3S SSTTT 0008 oopny 3208 ihsws peo o3peq vqges
coad. SON m
o IE2E L2029 23070 £2298 SETTT 30Ty Savoe
333 "“.“.nu.u.g
Igos pes )
[ove [ 35t
e o o O e
* DO~ 1
b an sodel T2TYe ' cesede sooedey
3 n i [ 3ase ba
T332 sases praes I 13828 22228 TITTR LTI
3352 hons Soode 55002 2y000 bboes gooe
1oree 2pede Sods 2123 3222 2280t feeos
00O aq poes
* =y 524 T
R : 2
P00 pges J0TT1 SX0es STy fagde

23353 3353 53858
coordiorelcased
boosopaces L3S0 SRE0E S2222 12223 25993 20009 00 Sbe

.006

s peeatsesas 5
j2ees P9 ooIsMeILL e \:’
I e ceesdettafeee

sesds s e ONCE000Y] 3303 8333, (&)

133150 0e 22 e pd o

12 S22 2991 ¢ ooty [SSE3 SRE23 22008 P002 Suegs pidetsegse

.004

.002

0.0

.004

Cp/o

.004

i
i

52

Y

N = 1200 rpm.

= 0.30;

(c)

Figure 9.- Continued.



\ ©

" —
o e
i I
;
I e :
o ¥ :
o i I
: ! 3
i) : i
! : !
! : S
.: -: - -;
: ; .

10—,

.
.

., deg

(c) Concluded.

Figure 9.- Continued.



‘udx

*panuIjuC) -'6 Inb1g

00¢2L = N ${Gg°0 =1

(p)

bs
v -
[~2IE
-~
3
4 g
«< =
vy 3
-
-,
T
gl r".
o~
-
"]



*panuy3uU0) ~-°¢ 2InbH1I
*papniouo) (p)

fap 20
14 0 V- 8- al- g1 02— ve -

T RIS S 53R IR S 1B T : T RIS [ — 100
P oo . . ; ..?.oAlonw .:L IS SN h..'J-...m At Sl ..nl«“... J. »..... RS SR

FAESE TR AU IEE FEESS U SEE A A - I -w

s AN TEE0 e S SAD) ot s s AV
S FH CE N oo o FE R B i Bt ety S B 20

Rt babde SEts SEDET EREEE 122 EETET EULET RETL | SRSRT SREE P 0 U PR SR .y.;ﬁf. [P PR SR

OO0 P00 U EEOR R . U SO IOV W OO 50 SO0 G O A I
: . . . ﬂ . ’ . . o h .. . ) b\\\—o

....Aq... ceia

.
.
.
—-

.’1"""

PP ZETYS TR STy s ceas [ TR TY B s
1S SRR PRI . .

..L.
d 7

- : . e ! 3 1
IS SO H . ! H
- [N SR celeallls M IS SIS SN, SSI ....m., IS U S PO
: b T ’ '
: . ! [ ' H . H
1] " 0 . . .
4 . o ; i - .
= ' t A" A ! f v - -180
. m H ' i ) Ve . .
. ' + . 4 1 . .
. ! ! :
FUTS SUPUS FULUE SOUDY DU SUTON S, S SRS SIS SR SR . i .- PO
: Tl 1 : w : : ' : :
. , .
B { = m ' o . : |
i -
1 T 1. . 4 v ' g
H O R N H . . .
. w 4 w . : . . :
JUDPS SPBIN el [N SIS SUDEE SOPUE STDIE SN SURES S SIS S S
. . ' H :
| £ | . ; .
! J . ' '

or

55



56

PR S R

FSS

PR

".ti”“ e

recegaren
4

*
.

cesserres

E—

feseganen
P

ot
« PO St
" " .
: B i . .
. H .
i soee . R .

Aoaerl
v
' '
- .l :
[N | .
[T S S
PR PR
. . .
. 1 M
T 4 v
' . -4 PN
5 . oo
) : H .
RO PRI
v M ' P :
' . IR :
H . 1 A
' . H [
. v
. PR
. .
I P
EEIS g =
S

eaesen

. .
e feede
ARRDE SRRAN RN BRN! R RN : :
: : : : : :
—t M * '

o) © © ©

-l <

‘ o o o
-

010

.008

004

004

0ns

Ce/0

Cp 0

N = 1200 rpm.

U= 0.40;

(e)

Pigure 9.- Continued.



.10

: RS EE
T BEEES EEEEE ESSTR R 2Rt 232 Fes e M
S ] EESH B et et A
: 3 SEESE SETES B ST I300¢ $563¢ C4EEs ST IS8 RaPEs CESUE SEb0e 3884 soats I
: BRIRIE i Pt Fees JEaes & So30s bovee
: 1S PR SRES¢ et : R SSEY $3354 SP0e4 Spves o8k :;;j
ESETEERON SERRS ERERSE CERZE RSS! 4 .
S SERESETES SEES: TR : -1: . 3
T - 'g 5
RIS FA03S IRESESRES: : g &
3 &
SIS / ~ 0
b : 0O O
~ :o: :
s : a4 O .
— (-]
SR B : SR 3 R IR —_
SO0 SRS : IORSE 4 ISS0¢ SESEE St 0 o
I U
b : IR Eoots ISSot sross Soos ohabe g
S S N SRS ENENE RN NS .
—t poror seoe: T s puoy ovwys o
B SRS SRR A SRS RS CERTE S2E0% LRSS SRERS CETES CRTOt SRUSE FRORE &
et SEIRINRTS SESSI SE000 IRI00 S3S3 EE0N3 SUNSE 00003 BSET) NOURE EOERE
R EEeE SES ERTS: et SRR hes B o
s avee TS PETSy Soury Srts snay aas oy muves Sagey Arane Bavae ustse one auapy pezan RAY
SR REESSERE0 FRRES FRUES SERRESETES SEREE SEDNE RERSE EERES NERRESRERS SERUE SSRSE NN .
b 333 SE0NE I8¢ ERETEERS2e R B SEEes SETE: FEESE SR
REIEEED S SASET SREDE SALES AERREFERSS CETE EREUE SUNNE BERSS SEETE SEEEE SRS SO5E:
A-.’...- . . . o . e 5 . e i~ - . . . ae s
RS RS SR S SH IR RS EEEEE ST EERSE SRS
I. ERES SEERE RRNES R .. : [EEEE LERNE CELES RREE! g;
8 N Q|
) < o
o)
Q
57
o -
. N "‘
. A




(=}
—
Q

‘panutjuod ~-°¢ ainbra

‘wdi OopglL = N {00 =

(3)

poos

eiby
1223
cepy
vodt
2SS
138
seq
sae
voe
3y
10

[E3 2200 S22 50200 0008 SONUn SRUE0 SHOEE S

IR35S 55004 Codes SE2RE I2RRI ST LERTS 2ETTS 19008 00004 p00ad 00 00e

a0

1]

o 1y

e TR -,

o
-

58

Y



-
ISEE LIRS L 1232 SREE £2222 IS R0 DR RS SXTRI LRE RS 1223 SSEEE SLLE XS 1R2 S KRS SRR TR R AAE3
12 22399 1234 R B D 2o s Fed e
cfesalyl ol IREES 32068 SO000 IS4 Spgpe
el deiie Loy + 12 . +s
13323 3332¢ S188 33! < T T +
B T S DR Ll ot S IRl SRR It S o rE DI Pl ot Sl SR 2ottt Dot s ressn poise ohaes saves
IROPS P0G FPGS2 23204 POL0 POGRg S04 - FRO0 SRS0E SHRGE HSOOS IODDP FOSE DSOS 20 ++
322 2 S 1 r e M L S N M N I T LT IR e RS ST T e st
Tevefisecdan 12333 22382 32T
JERES 22909 294 sresfots
[0S 12048 SRRRe j2220 Suape begas
cesi il e ISt Rt resey
I +
) JRSTS S04 98 S0 peos o
R I Tt s R o Rt e crdefersctroes
FESRRIRESE 12300 22323 12222 20200 SRR INRLS 220N Tefvferesfrers
L3S D004 S0408 §355¢ $5838 D205 § 5451 ..“[.:... 1Y
abveperemdossidrovsdobocsdolirndarsidorsntacen 4. -
SO SETET TEERT SR 0S S0P S S000S pravi S000e SOPTY 99094 50984 Spudy

12255200 S000¢ 9uS 8894 2222 20004 o} svied
[SPSS S2005 S0 34 Do sopu S¢: M
ISR 2020 S0RE £0 202 28 TopELAET 32SSS PER2E 2SR
cevedosrofeserpiriefonasborce 99 23RS 22N 2222 23222 2285
[RRES FS08 ERRY SEOTE SO00E o STNSE SR ST T }382¢ 38943 SeSud
[BRDS 3900 S330% 3558 09424 $5594 S3RSR SRS 2GS1 :
DTSS0S 5E SEORS 22213 S00¢ S0ges SRR ISR 00 bossfaesit oaa
PPOOY SevRs Spue by
S0 $2084 S4002 $2808 SPuse S06¢ ISR So3pe Tieee]
ISS08 $050F SE00Y $0040 $5006 55000 $9008 SESER DS IEESEE SSOTE SEF04 98594 SDDES $54 poond oe S8 devge
PSS 13008 ST S 008 00008 20000 S0 00t S0 TS PORTE S0LT SRS SRTTLLRONT 202 227 [ESRe ITTe0 2000Y £2202
o v fesce]orvedoecaf e tates ISP00 STRDT PEPIS PRUDY SSRY SPENE SRDE SRS SEREY SETRE SRRSY
i [SSSE $8304 S0858 SO0t SUSSLSIEPN PEPSS SOVRE SOURE UGS SHDPS SHES SREDS PESRE SO p3983 844
il PO 944 hooe 300y SOSOIPEIOT S90S Sopdn Sidod 200 SPPOE SR0S SEDREISIES SISE SOPUE SHTPS PRGN
R e ISP 8964 & wHade $0004 29004 PERS Iid 5509 pR00S $0008 FROUS S05E S90S TITTY ITSI SRRTL ot 2O
BORSE 99208 soode ~vy
[£304 30408 10004 50908 Sod-. 1 56834 o4 ISES SUPLE SOOPS SUTES PRS00 SOPSE SROSS BB 1S
[229850008 40004 S40SE p0u *SES SHEY $DE0S SPDEE S04 po08 $5000 pod0s Soired ppase
[2904 24900 S2023 $2792 $300 8 ¢ v0i) S04 $2492 TSR0 LTSS SP0Y £220C £ RIS 200N cevfasel
19999 FETTT 290909 PRIV FISEE PRV PPLLLIDTTY PUVVY POPRS 90 ved
[$394 93544 §4 PR330 69884 JE0SE 33994 24086 el PSS $84 8¢
[E252 29004 SE340 0408 S00AE 2206 L ~0d SBEVS SRS SPEe peoe S238% Sevey
[S2E 13308 22008 2R20L 252 20000 0y regiiiiiat PO STPEL ROTT 20000 22002 2ot

be peess o2k TS LSO9S soppe oot oo
- PO0S 20, 3% 0029 S04 B¢ 2P 2909854 0004
- ceesferantacs sredoton cecefovroficsobeccotesocforan
. 122272 22222222 3222} erfevestooonforcalornforas
. 20050 PP e pa 904 ofeeed
. [9904 29000 S50, M98 P22 22252 22209 22000 20022 222"
. ereabaconfrieofer ofobge cavfecoifioentovacfivee

< PO SPPR SOPY p9Y sosee
< . cewferadl
. foovedicretooscfocacliseed csefosesBosesterrotocsatioen
- 12373
. pppoe
o4
. [Ue 09900 bpiae
.. vesfreechrore
e [ROP SRS PO
M svecfesroperan
. ITRYLE 94
. 120%S 1ees
csesteesefenns <. sl 229 Ppepe
. . PORSS SOOPE S [ERO= 200Pe . -
. I crrogesacforiilioifiiage .
S 29 ppy sesetecredes
o .o POTPS SPFE 2RO SO ES peyed PReee ..
.. . eI Y Ceee “res - I
N PRes saes IY SPPPP N .n [EPVN SOPRE PSSR 2PURT TIPS Y .o
. os tee ofroanta . e I e .
.o S CReosefrasofrren pye draas mpmy - oo
. oo 12 22O IR IS .. ceen ISR IRVEE SROPG SRS 29 ..
. PO I IR I R I I I I T A I
. wevsers -faresgecn-foor I . ceeben
: P I IR IR e pee . leieane

BRI R IR R R R < i
: 533 S i o :
ST EEES S e S S I S T : JEREEE HOE
M Goeachooorgronafs fecscbioen R - . METTEY 2220
IR ™ ™ T * *
. prorre Ty MRS SDTES SRODE ARes e RSP IPTPS PRRee
(o] @ - o
- o [w] (@)
A
@]
s
.
b o WAT U 4 K e ;N
0! . e PR SR

.010

.008

.008

)
R
&)

.004

.002

0.0

.004

- 004

- 008

N = 1340 rpm.

H = 0,20;

(g9)

Figure 9.- Continued.

59



beee
ceer
.ot

+
cest

PREE
oo

PRI
v

PN
chae

PESEND WD

Ve

IRRES

Yee

2000

e
even

aenn

Ve

PP SRS 84

core

tinued.

L
¢

ae, deg

cesefions
..

caes

PRDS
PR
seee

feen

.4

PRMPANE SRR Dy

vers
cers

ceen

PR

PRI S

RS

certdeer-bereodeeecs

e
e

e

PR

PERTY SSNp

eee
caes

: S

PN

.10

(g) Concluded.

Pigure 9. Co

-20

IR




.010

.008

.006

Cy/o

.004

.002

N = 1340 rpm.

0.0
e Blismorsie bt ie b

U= 0.30;

Pigure 9.~ Continued.

{h)

.004

0.0

Co/o

-.004

T }ETY SRUTE PR PP FRY SETRE SRR 2220 ryRaw oY 12933
i Py % [39¢ 39253 SP2 4 2O 84 seide iy + +4+ e
j929¢ repw 12 23351 2 pe 994 : 3 381 S ¥ e
i b e > b e
T
+ - —
- <. g e
3 -
I3 + - + H L
* 4
b
T ¥
<oy
93¢ paod e i
33§
= o
$030e Rédu ot
. N e §
\ * B “- o
:
. 2 ee
: i : of
N S84
H pees
¥ I3 +4 4 s
€ * b
3 333328
® i
. 9% carge
. [SgS o3E e
H fegdpe ek + o4 13
M - A + ’-4 po <+
. ..{I ool [1s qu {
. 1t U 4t
P8 e et
. 't 3 4 jhteeiogd
LS IS on
- b ¢ pa
o SeaiITis TRen TS tens S1s e 3 1
3433 33581 I b = vy ; T Y
R oot ntd + ypuos 52 4 i re
jod ? o 't e T
3% 28498 M 1 P: 21 +
N iy rrprs L] o o LY
N e
S :n*;:r: ¢ tatats Feth it
R by 1 4
. J3Taseas: s 3 IR
sieite 44 feie 4 -;" = ¥ 34 T
- . e
ops U 8 o o
P » Prye
- 1b+ sife
34 +
3 3 4]
1 T
e ¥ =
T you et
+ 1t
o T
ave i
}o 25
T e .
poe +
oo z
13 /Py
Tty i T aTet
Tetiisy 39 b e s ey Iy
R e I ¢ 1 13 1 o 351
. 1iesrdoy Rae 2 0as S5l + 4 trnfetvd iy 135 o1 = - f=2 0 )8 ..
L0994 §3¢ ¢4 sodug shase sooed o ge o t ) o4 199 94 ]
ITst e 14+ [Bes el oty ol + > 4 o x4
04 - * r > t
npa 7ge SIese Edasy ins. 3 73 shesasdill eI Tt
- - - ’e & o L 4l .
SEOe 204 gostegetin o+ 2 e [ oyrdeiis n
g 2e T o3 s pney samwy vs 27 * ve
Rty S tapea: St it ol s 1330t Eat aakey S
] 164 s hPs VR LY boess d o9 283 by vou ve dody
44 44 + - $
T g e T
o 3%% a3t haas $¥es s33es 1
M bee 34 he ie iy irmogie b
41 - srees reedocaed. 3.5 &r +
! -ty
pifretider +
vve oe 4
ve e ponoe 1
e T
3 52003 ppand 90e
» voy .
I3 s3I T2 233 3e
ade + 3
Fe 1
- ) &
e Foess " T
tebdbgrace +
e o
R 199 294 re 1
T t son sa v
oy v H hoe vpee Opon ot
. pOFal Ve ++ 4 + 8 24 54
LOb08 baé oo bo 5o ¢ owp e d o bl Saebe I3 T 26 0.0 o o s I T
- reee oferbibien j23 4 cofsssslrivogrotrdilerfoltifectrt- 2oh s [23 -+
[S083 43984 554 18 &3824 44 L . e : bl e >3 E3 488 sdg5d fdide
- Tevefrsesteassterrinforra be SEaH4 .
B — e L. - $e o4 ¥
4 poe ¥ T
T > e 4 - alang
T+
¢ 180 ¢
20084 sogd v +
9 9003 29923 038
roers T T
- {
) he
A - %
- ¢ 'o 4
. oo by <tettohe oo
» P - +
. 19944 FPOL 03906 094 T T
- ——
- PE3S 22000 Sues peae 1
fe b e pevrrfececdect be
- IS0 $200S LTSS 19904 22014 22409 2201
3 - o S pu
- . .
-
.
. - B . - = . -
s - T [
gy ~ - - rt P
s ‘e
“ "~ R

-.008



o s e P L L VOt .-

*panutTu0) -6 ¥Inb1g
: *papnTou0d (Y)

Jop v
0 Y- 8- A% 91 - 02— ve—

~ .
] : 00
1 T
* X
&
yeghs I 3 . Sea
8 14l +
- o 1 8 1 T
113 et
1 re re pe 1+ -
X 1 rav st = L
i H [ 3 4 ++ 14 141 . -
r + ’
T S i 20
3 Nﬁ.l (o] + . + e
s o 3 g1 sate 4 1+ 1 -
P -4 LYy - [ 4 4
'6 4 99 0% 5899 $ub B4 13 : T : t b &g
e & i 3
IHHB jeghe o8 1235 oy 432 s 13 PEBE SuSPe Ppgs sasay rul }
HIR I 1] It 1 T 10 81 TH]T 14 SHTGIT [T jS e sy e
T pa + ? 1 " 04
T b T - s 3 S b4 po
- B4 b ) e - s e —
e r DY PNROU ¥y + -
e ve b4 st 1 »ai
: 1 5 fhHE
|4+ 33 OSBRI NGRRI DOPDE 2 -+ 1 14 v 4 2% 3948 3 Js o2t pR 0L 200e
HIT R p 19 gguma e .
kil ! Bis 1 ! o9 sS85 1
(11 o
L : be 33 * 122¢ §3 ISEE F 2 e
L . - -4 + 4944 +- +
9 e ke [ 1 [ 2
+HH 3 * 1] 1 1+ + e 198 Bas S| ‘
s jeeed desse ganee g 3= cope
HH oL et AT o Eh S1R FRESS LEetE BRIl Fhams 1 A e 0/
1 0 0f T 1 1§31 bo
5§ E381 S8es : H 1 !
SpaEe b -1 b-¢ 1 v 2
T
T 141 t
» T t
4 99420 94 . IIHAY o0 e
T B9 #9901 09 IO iy §8SR0 9 88 0880 vhu 0898 03040 80 HoisH 1
311 3 ] 28038 $ s 19823 22380 3 y £ ? 0T, 2000 peRt anene pagees et .
S e e R e L 90
. I . T un‘fju T jha oo hodes
S ‘Hi 51 4 833988 o 1143 84 . 38 S8 94 I
-+ L - ee! 9
1413 1 S 3 T3 1 SRR 13 430908 sunss phudides ol
+ . T3 1 + e Moo o9 9e 209 $S8 3¢ 183 3324 va +41
1 -] b - + 144 |44 4444 13 b s4tr 4+t 3134¢ s H+ {44 - $id4g-ed -t +f. 4t
TR 1 11 325k 3 » T . 2SI Isese: r 4 e H e 1338 123383 38381
1 T T 3 13 tm.ﬁ t "
3 S£30800 2agbe seglenngns uggsons pesssigges ss { S8% seds ot s SFaly Spess
4 agee 4 4+ $ob 4 - + 44 . 4. P4 - + .
1 # ] by 111511 gieisee b ISOE 04 vn”PﬁA §08s 3500 sudue SRR PERAT
4 [ F+4 20920998 YOBS 4 009 B . [+ peOSe sy M.AI: 1.
! b4 MW 4 ¢ . SUPN ..ruh 22 + e ‘e mo.
- - ‘4 - - -
1413 111 I 3381 131 IS EEE5] RETHE RECH ERSRE SESS] AAREY SN
14 ~Z» Y m E3S8 s3244d 338¢ ¢ 54 138 S e8! »»H e Soags ax AM"L.ov 64
v v +f. 4 - ets 008 222 1008 e sl IR Iy
aqdd ~h b [RSS See 94 PRSP I2XS 20PN et ddio S . - H - : PR M
3 J. o & T 1 E3¢ 20009 § 9250 599 mnnf 1634 50504 F0R20 S0 858 $4059 55090 F9 200 SOH0E § S
- RS ode 4 R rofdo s d 4 + + 22 I sbefesan IR TR 2R .w. IRES I 4an
I 44 } -4% Fads s ¢ .ﬁ [ e 5881 [983 IZX5 phefesssgeboafonie 233 ISR e
IR 12 PR e T 12323 1212 1T 12928 § 92 Do IR IS PR TS N 1207 2921
513 1 JESEEELEI J323! RS 433] SA0EE 4 1EE] SRESY JUCTT LRSS ANTEE BRRRASIEEI ERLSY FERSY BASHY REEH '
on» umnl vw LHM; 3 U sS883 3¢, + 13 B4TES s 5233 sobes 132 poesd s UY» |3 3252 BERES SRS S525% PRRES mﬁ»v st 4.
I PO It S PSR S0 se S eet 0ot S20TT 1000 PR RUTRe 10000 22200 2R LR SEReY SO0
bage i PEYY 2999 fet e { 4 Epaw +15 P 4 B P oy
1 1t EET] SE33 RS BREY 2l 3 ESeed braks BeRes s2iss c3eRASE33] SESRISERTE ORI IANS: FRESI EdNY SR INNS '
.3 PO DEYSS POODE D3¢ ¥ paoes payrad PP b9 S .3 [-2 M SOdM :
i1 1213 12 SRR EEREE T2 1201 1S 22532 22888 2ETR: S22 TEES SERSASERES RTRE 20002 LS S0001 100 : ﬁ. '
—~ 0o o~ _
L -] ,
|
i
AU e s —————
4 i -
s . UL B T R R - s



(3333 13333 I3ERE 1222 13984 15333 53333 33233 I3 ks 22221 [ _:..x 13333 1330 13 33308 L2328 4
sertfisscfeqes vl 18] ofeiiodirerdisocts
19434 e i Iesesgelistisscyts 24908 by ge 1 hgde bop.
233 4 o3 & T
—
4+ t
e <
33 e
oy +44 < - ¢ H
: 1)
-t
) 4 -
+ e |
133 o223
BH:n s
2
&
> (o]
e
24 a9
ey Tr : 3 33 33 I 33 3383 '3 &3
+- &
yos re
ohy 4
T
’e T
shdad - + beod b - b >
323 SRt et oy 002s SRS LTI RIS 5% Y se :
seges T 1 e sy
e + + +T -+ T
- b oo - - - b
- - be -
re 1
T e
t e )0e OO by ye oos
va0as sasaa haad 3 3oty suaeonue
RS2 $T22Y 19002 220 0e v 13333 so3a8 23323 S3333 STITS TIPS SAIL. 133 e 3533253 53 +
< -t e o4 e i
+ e So ooy e 4 +
‘o4 e e aas
»e 5 ot T
16 $ £1 3 33 20802 : ot
4y + T Y04 04 - 404
-9+ » + 1 o ] "eoe 1
- > - . = o
3332335382 5332 pee : I3 53333 1heereferertierstoresrbre. v rpegeter 33331 83 +
- o 139 $225¢ 00004 e pgese JS3SS o9
598 e * (82 23253 T3R8 F3320 SeetIgEe seess
- - - —
18 3 b4 °e 3 & A0
——a by % + 5. P + pa s +
Eans - - = hd — b &4 -
D332 S230s sges SRaes st 3333 S3038 32322 LTS TITEY LSS TUY TR panas sea e oe p2os sosne
fevsodve el 13T, 5 ¥ . . a8 Saots oo &
- - + + 1r s > 4 —— b
- o4 > ? b & A S4 04 2
- ; . > - - TI MY
b sas - boad es ot rus
g - bad P o4 b S - e s
g e e e e T T o e e T
<. edafeee JILTITIT o 294 hoe
0232 52020 2veg vaue pos 8% j24 299 99984 9944 b o4
2222323599 80004 + S 39999 8984 IS 202 a2 02008 2o0e
t
T T
-y~ - 3 —a—-
po oo - : 4 o—b-. L ote o bt
soofvevofesssfoots 2 23308 222
i TeTe] oS3s 22523 598 Helissem
sove 399 Saee — <t
- s St sagne Soea
say e o 3 3
: 1
L
" + 29gessyeee
5333 T3331 setes pa pas
1 ’e
e be ogoes 6 auu o
3
190 +-+ +
1+ v el
Segesvey T
12322 23238 teege 1333
o t
299930000 voni 04 00 84
29004 04 1 I jon
e oo ++4- 4-
+1++
RI3213328 200ee
— 3 sas0s 1023322552 23323 Spase o |2 2220522322 29080 snnge
23222 22222 YOPPY [So08 03008 23222 3221222000 2ugeu ypanu Lidsbiertoles -+
ot ewfes ol [OSOS 504 4 vodo- g
0334 25008 9904 SUPes boe : Joe sadss 3223 be
22242200 . 44 [S3s v 3444
o 1 - ) S By 3 IS 004 + e puE
29888 bua o4 1 bR 04 1 rae 113 ¥ =
1 + + e + > triteder
NS e 04 Y inas suses age: e
JE22S 22904 pe P S e T L e et by ot e 1Rt o e gt
e be
1090 90444 $89¢ tnood bésoe subes T T et ﬁz'
2202 o 1988 = ¢ 891
3 + s - <+t
P+ 1T e 198 BB e + ++141
PO ey "1_{‘ T e T T 11 :
-~ e t e by
P332S 1233 22222 1322 Y b3 32233 soge 829 2991 -
§33 3328 13T $EsH pfsitastRTIIIN
josse sussBtE0es coo0d Soar s 2321 - g
+ e 108 SSS08 50T, 2 20 bads coacs setbs 2058 teess
bt s e T P2Le sacs
58 10008 54 b 3% 53850 54004 24.0d¢ i@
Poad S2008 cue . 82932 1220 200 4+ rrr s oy
eséifagee 18 2228s 282222222202 28 132322223
10 00 SO0 L34 10O d [ & + - + vy
r4ers 324 s i3l o]
fe Joee Sos3s SSSts So2Ls 29923 38004 2904
1t *+ +1r + 4y *
P34 19840 999 ;iw 13132 i : 33¥
223293424 gess
Jal3a8aRs 2L : sacal
23 SS803 L3004 55008 s3SI ST S22 12328 Seees
+ T T +e e * -y ]
(3348 5305 S0408 1020s sa323 28218 20028 04404 28444 44084
resde 04444 S840 250020 20T 0SLD 2322 13082 32320 5499

-.004 0.0 .004 0.0 .002 .004 008 .008 .010

~-.008

Co/o

N = 1340 rpm.

= 0,35;

Figure 9.- Continued.

63

TP e LT 01 Al SIS 50 e

e s



s

IS I RN 220 IR IR 1AL begdel 'S TRA 12229 b o 31 < 4 +]
Pree o4 bo o+ 04 .l.w (RIS 32X %_i ¥ 4444 + 1 +4144
N pidifeibefibbrRorrtdeoriods HRH 4 o1 .
s $ At s S 083 Foad + b o pdg + edul isadeenbas
: T T : "y
j2qEe e 4330 da 3 -4 -4 +
+ hdddssalel .=
. 13823283 1 e ooy =
r* o4 o 4
b+ >4 $44 s0ge ¢ 2994 b4
1 i > L 4{-.-« t4 o344 ¢ $3444 +
T T
1 T e T T
b ol 2429 494
+
+ 444 o bd e b it lddaesdet
PEP23 SR8 prREY 28208 20 1283128252 - =
+ > b i + + i~ - Sied -4 44
OORSNes § g 14+ °
yoradde i faiiy jgasegg3 2002 0
f - ; N
T e
: 19 e one —
T
e be 3 1 nos ® | - b
by 4 $-4 b 2 233 +4 4 4 -
+ " + 2964 [e o i 8
+ * trd ~+4
4 +4 o 84 . N +
: H X o .
+ 4+ ’ + +- +
o 8ue SgN 52254 9498
38909% 3¢ 2333 [ 28 205
’ 1984 1
Igees oy b 12 2= 14 23353833
+ 4+ 44y rit - JSRE3 PR 4 tel R ¢£.L. !
b IR SEPQRS M2 22209 toaee +
— +rposdipibirderiogipebfobodtitpiforripaisg +
- e MEG Y e — + -
+ . — e pe v d
2O S8 e 'Y
22893 saaue dxuag b 3 :
1284 12 22208 12322 20022 109 ]
19481 m.twl b 34 3 +
- + >3 ~d +rge o
PR3 2204¢ 184 Suags adode i opesngee
T 2004 " S gPe oy
¥ 1 JE35s sodasl + } H
T
+- 4edogoasy + - 44
sgspeiypse yunee pawee sugey TR IR RPN g9 ee
94 aadd b ""‘4’1 3813385
J;-J + s S pe
. RS SRR L. 4 Susss
e : you 9o s 2
3 e T )t pe .
b - - YA_; + a11L
ctosporerfe ool iifoilopin 13892 28 + v+t 3922202000000
R I I R R I R S 2o 9 PUFWY prr g beefe 133
SYOOE SeRu SHSDS SHBE Il boed 198894 1 :
JR00E a9 334 S0bEs s2008 S28¢ 0025 o5 o ot pO89 &4 g0es s 74+
Frorefeeiedaoctoiidosioto v fodie ‘. -~y IS SS9 - + + ++
b b b4 " T - e 2 g >
b bul 1 POy ™ T M S0 ae
[2999 pa0 5 ne ISE0S vnute ANNSE FOR + ——
[0S adoas S20s so0ss S0 + roay o s 20 ees boa st Shaes 64 [adee
EEEEE EREEET TERER YRS EEEEE TIRE S R R e e e S ot 2 RS LR X3
- S LREE ol s ch b e - + -
[R32L 22290 SH0PE 9900 S089¢ 094 [E22" S00¢ SUSRE SRQUe + + ¢
+roe »-;fa [SO0e 0at0a SRacH SO00s Sues 6006 60ded sonds MIEEE $De ST ++ +
oY g Py rooy ’e POB B 99 " rou ot i
JRE0Y SO0LE 20900 0000 SOPP 8¢ 3 rugy S0 be *
[OP0E S804 RNV SODDE SPDHE 4 3 + |S0S S4 S 09 PENSS t b 94 *L be 881
cverrprrbedorestosceforsotrecidorrrderratos rior v+ 44+ See sl on shssssThae
erecfossadeichoioitootofes ThorgediicatoceeRotvsbreaddidiiliivodedsod oot
ISSLS SO0V BHINS SRTOT 28S9E SO BN 102 981 1S 00454 sheos s4dos
19220 20600 NREQE SHODE SHDPE SOPP SOE ¢ PEEY 20900 5000 ¢ S 0¢ -, et &b obic]
e Iy R S N L LR Lo IR IR 2o d o sof voodeqy ettt
e doosed + - ~—
[OPR SR00E SH90Y PPN RGN PSS ¢ e —
1222 2R0S SYEES SRMN 5SS SN 6900 o4 -
IR T TS ey 20000 S000e SEGi [edad Raods sdd o nadsd S04 0%
sovafeicot corfer cfesecfessnd voe 12232 288 IS ST 12T S

sees

Tere

>
.
.
voesfdorsofeorafocects oo
e I9ERT 2R 3 I R I I
. PRI DN pos P02 23S
.- PPN S [SOSS 09999 24 - b
.o cevepee 20808 S00dd ¢4808 Aatsd SEBE
Ceseten res ypooy
POPRY SN PR30S 22022 22000 1222 I eseforoedosoetioe-
pe . .. 29 S04 — oo el
PR S sesof.ooefros-feorForioferocdioroticrrderoterrd
e evas co sfseerfoibcrfeorofenrifrroe
cevguen RS 13 sreibesbelonssfiosd
N SO [ e IRONE $000a PRRSY SNSRI PREee
ciegra -~y o T DS LR I p s e
IS IS 3 v >
IS SUNPI SN e v s~ v safessefeos-]
PR SEp SN 19 SRS 2RSS S5200 SRADS POGRS PQUDY FPRPE SOSEE 24
193 SORES IR 1999 20O . IR 2R IR I 2R IR e
.

-16

-20

a; deg

(i) Concluded.

Pigure 9.~ Concluded.

I a1 e W Mt i e



.010 012

.008
N = 1200 rpm.

.006

Co/o

U =0.0;

.004

(a)
Pigure 10.- Swept tip performance.

22T 1228} T 1328222 LRTIN rges >y ergzysgzea s T g
e : 1o 34 1 T
srivgedcy .
4 4 p +-
e 3 & 1 + ]
’e 3 T v > ve :
sty + L3 o -
’e A 4
oo erdiossdiors y " >y
1358 551 33 o0t 3337 2123352 4 - 4 H ¢ -4 -4+ 1 13 2333523
e by
o o4 e 00994 § v o be
Jege tesess sesssiesald o . $
T T >
P2 28 -
28 so0ed e > T
re s g Tew Sl e it e Mt +
PESRY 2TTRE 2224 g 388L s S33Ls 532 s ' - e
PELe2 2323 1Nt $os
ererobrode s ) 122 -
peererer (o acddad o 4+ e > & Y -
e i+ + - e
21 T P38 Sy asa
»4- + - 39
3 1 13 T 24
+rbade 4 +ied 1 M -cs
speofeveodrortdisrofols $3 44+ W *re
+ 22220 829 e
LI 132
Tersferssprerifricediiii 4
v T
oo
:
~rpefres IS 229
»e 1233 ry 2928
v + 4]
fovs [
1323S 54 ¥ pe sogeates: H
T T
T
e
. ++ 282 + sfrriririts
* v3 44 - <3 138538 2223332538 4 S
. 4 b
pod paoge Sgas ors S 94 + jass
2 3 hd s0edesddol :
T s nu o e T
t 1800t
T 1
129 e Jo e PR oReTeSegte -+
133 I3 22 I frepefrite 44
t 3 3 94 b
vod I3} 2 182333
+ 4 besesads v sepefesartre b
19908 oo yonwn oo * e
S DOSSE 2001 T s +
3324 0284 3 Hearbettdet sttty 3
o 23e 22228 133 TT 333 Ls LET qorrelsssslireets 91 .3 ']
o oe e 39494 P22 244 i
. 4 SS209 $9954 09094
e Pe 0T 532 Foricieriiiiey e
rpees e 1e0e sopus
+ e o + +
(22322224 o e 229 ettty 3
182322238 :2 1222 333 3 37323 34 g
583332350 SREE 1343: SRRt &l b} 33335 P81 1831
Lossdiesafaiideee Thedtor
- +
voesdesisforoetorcifocardoriedeneed 204 22028 I LRI LS + +]
3 - ++
e xe o2 N o 4 $ 94 L3 26 0be
> + ARt oTe hod ot 4
ba bl 1edde od oy ofepoed-vevietvedsbe iy -
cesegedar 12990 Soeag age: 222833 IS3Ts £33 32202 i3 'Y
cveoferen . + yod b 134
. > ]
et ety toejpisredrrirfisbedoes sosefil e fies +
o ows cuss
SPORe 22529 3 +r 4 &
12S veve] - + 3 3
PSTes S Tee 1ot o1t + toy Ty P b4 +
- covdevesBrovr Fobrefrorrfetsafiens 122 2222° 220 -
44 13281 20494 pOSSS S350 29998 04
12220 52014 Segoe That P2E22ETe 2L S ryprece
2E2s 52351000 Seafrrespreoeporocd o Ry g 2238 4
. .. o
. . 4 +
. . tepofe e boe
. 2 23333 ITLLL L
. . - ool v -4
. : 2393 P909e s98ad 2690 s401
. 2220 IR0 L30T 10T + 4 ros +
. XX T3 + 4
. LR XY sssofeconpe [otd ool -
- R s comaBosongess 2 -t
. PO S0 I I T T T R T e o gsrpegee v9pe
L;-
. - .
. ~ - e, -~

.002

0.0



49 1444

I23

1381
++ 3331

+3

13

1234

B4

44

44

ve.

i

4

HA3

3
.

1441

H44

*

H1: HH

414

o

.‘

284 0ad
:
}

t+H

H+

HHH

.002

4

3

134

e

43

H N

1y

H

1¥
ks

8¢ e

0.0

el ept]
vese

44444

o 4+

b oo

it T

HH

b+ +
o8 3t

-4
o

poesid ol

250
H

4

+]

4

L.

.004

HH

[+4

e sn8p00s.

4

o

444

se

o8

HE3

‘]

4
4.
+8 44

ps
b

0.0

-.004

IR0 2o

.008

Co/o

Cp/o

N = 1200 rpm.

U= 0,20;

{b)

Pigure 10.- Continued.

i 2 Sra b ks s



I IR LR R R IR S L R R TR o crfidas tj» 1 23 i1 ’
SRTRY ET221 RS SR 59 PRVEY SR . "
POOeR PEO08 R QPPES PN -~ pes Iy B 114 pa
S0t nEREE CEORE She v + - 1 + g4
— s [P nee i . ue 4
joos 31 " 2 11T
[e 19! 1 198 PUe T - .
P I pes < poRE ot uge
IS99S TR TE PYREI RRRTE IS E Y SRS TY By T t * ,
[OSS PO SY SRDDS PR S SR HEARY 08 l fT
IRORS DRSS SPVRE FXPRS pRat '} +i4 4
covadial il b yode il agseess Tofiid L
T res bwe b T
DY FPERT BOTDE PR yQu put ; T [T T
3 - : 3o e e
SEtdd reoes Midve bued 2 ++ IRe Budt 1 e dasi T34 i o
vabafonesd sroferssberripis b ag i L 135885 9% 2eu e thiade bt o Ly ! rRS 3 Eapags
SSaps [DPE PERGS S9-894 ppape & H A i 1
fo ot odosbidosropoeondes +- i s PO SWE P e +~ + + i 1 4+
cderde + [t endd S bn B R e It te et i ond tadna ol ¢4 -4+
+ i — " b1 LIPS B ‘Tx -— %1 +
. -+ . + - + .
lgde SRM0e $ouGE kN woe SUOH bod p6RSe ¥ 13 o TN REd 98! a g -
- IREEs 2R s s, ! seps pofrite] t 4 44 -
.doe IRRE] SRR LE! SNDES SERGY SRS 4§44 i P S o i v EREXepEpa e d
ISP [SSEE $8333 15048 SURIR R T22 AR TS RESE3TS S318 ISETEI3ES 1D ; '
527 g pppus reged 1993 60008 SE¥uE Spope unTAS 9es
PO [P 9 e 4 +t 4 99 4{,.‘,. fo4 40444 } 4+ bt 4 f 117
? T T e ! - ron® po ' 84 TG Onusy
fose SUQEs piis 3 gl - yoa 10t pesas
¢ Sgdadsnges san 397 RS pudPu Iy 1 ; 1 ":l't:"
it <1 1l yobons Bay
PEESY SRS S SRS R FEL RS .
e d IS Mpeat b 144 L.4 |
p - o4 + 444 -~
.LA...-;T + } [3 88! +
Joue "0 »y ¥
+ {s boofoy 4 ++1
- fo o-oodsy s idem - - +
jgeae oy 3 e pauy
IZeY? " 4 132 pu =
- Y PR SY
+ 198 PRITY DO 3%
- o444 v rbede s [~ oe e
T T T
sepes : 1908 $98 8 T
R e S s s ol Ay
pORET papie 3 — > 1 [+ 9]
TTee SegmeTITTT segessssegyysyyzes | 4
B NG R E=H A e SS55T SRISREECT: FEetsE: 1,
—— P N e e e e +t IS SRppe [+ &+ ddtd
egegsee s ropute gt e e T T R I T T o
T — g pme =T — il = T - T pessnyus: M 2.
> | ' M bt b »
DO |SYPS Y999 < Io4 804 —
pPO8% do¢ 22 2= POE L S vudnaode Jep Ty rilige ey s 3 . o L] fher
sooedesaedsn [ e e A o rirefrrtrfdrofiigapesrrdrrti t
N rou - - + - b + - [ 1] &
cavafaiiafoarifecertororfeers fe o rifoosafosaadioscdorordaoosdrdosti e 44 -
SEEH! shinbrohinpa i o3 JaX s 5 W £
.o s (et Sntts shatl 1508 00907 VOO ES POO + RS + . PRASs baay ¢ ..._i. -] o
ot pdpy s as soald sofebsifestofoentpaie. . 22N I 4t +4 {14+ 5 i
ony - t Wil + ——y e by U
O i b R T v1l " T . I 288 14)
JOSSE S8L [O08 poa ooy g - : Ju SSPas S0R0E SER4 :
Saggp seess 28400 I9§0 speds i ol sugug s0PY 0900 19908 50004 pRépd 23Re FORES e AV} =] 1
hd I = ot e " ) -l [¢] .
12822 22=22 RN TR 2T 20T IS PRSP SS0SS SANEE RREDE DRI M DS SR |RESS 2SS SQURE BN oY
SRS I3 55 RRRES SETSE SRR £33%: 2L 3 EES! SREE3 SINSRIREIS 2SN HAant 0O o
POIOS J9E B BSOS S RR0E SO SIS By INHE SHO00 SONSE PRGN SRDOS PSS RS SRPEE SRR RIS 4 . [ —
+ PR e R SRS [ PR R SRR "f‘ basod 6881 Aﬂ- DRI o S R ﬁm 4+
1580 8¢ e T . AN T w) . Tiaie
- ++ t + 4 + 0 Q
[+ <o} PES SREEE SOSUE PEEE PRPPE IPUDE SHPEY S84 PGPS u! -
[0S 64 RS SPHEH S S SROSS SDS NS BN ST L -3 oss e Y]
fos oo JS08 Y 23 209 I e N RN N e oI IO — } ]
y IRTES IR RS 22N totfiree eretbrreada aa IRRESEESST o
B S e PP SN B I TS Do ..
hé 00680 S08¢ p 1 BOR%e addas jhsuannys ot
+ 1300 2 L LR D L DRI RO 2 SRRpasapss 'S
S S% vpae s - + 44+ .
Sy . . PO SN "
§58 S8osestess CEsat satas selal Fhss: apt: Tt ©
S IR N AN IR SR LT RA SRS I MEURESS SRS
S331 383 n T we ol
B XXX 4 H4+ l
PRVPS PROa s+ 4
BOSSE DO 209pan
T t °_©° et
o bs R M SeausEpEea
S50 25TE SoE S8 SPEE RTES SRET: [ fpEsaxdent
REE2 2R RE IR IR T IERS Ra e 5 IS
i Sl & adtaa ki -y -y it 44
[R0S GBS SSGNE POPES PIORE SODY L
< orofeetatrddrd s rads e gosis . +
eve oo : on
1
20R09 PRRES e ooy pas -
[+ 200U $A 058 FRPUE SO0 8Y PG PR o1 o
veodassidert Jorevpriprafroas +4 44 §84 N
ISRPE 222" IREN 132202882
SR08 POGae SRDIN T %
ere cepeddigdd <L>_+.‘ +
CERRE N3 . 4 +
285 E000s i i1
> .
Y 88 143
= pas
12 ot
199 .
po + -
ol i
— b
b +
¢
‘e - IRSES PSS pnus ReER S
cese . IRORE S90S BN e
B N N T L N R I IR IR IR RN AT IRROS AR S0

crpraT N YA AR N
JA,"P‘. i) 2:‘--’;" Y

b boGn GUALLTY

LS

67



68

covy

010

.0u8

.008

.004

.

Co/o

Cp/0

N = 1200 rpm.

= 0030,

(c)

Figure 10.- Continued.



-penut3uo) -°*01 #anbya

‘pepnTou0) (9)

fap Or

28 SEEEE IREDE SONRE DERET $O0US DIES S5O 00
v
; R .
NS POEH] EREH] LEOR: SN EEEN : o
R 3 K u -

: .

: - . *

: - .
— ESREE VO SO

G

b
s

80°

P

s ot oo

69

R S e et

+
[l
!
:
SR e .«.:T...«.. .
H 3
...} " .
4 . .
+ 4 .
R . ————— . wewpema cgevma@racorons
SRR S C S S " s :
.~. .. - e . H '
! i, ! : . ; .
1 M L H




[

70

ET3SE LRTLT 13T STLL o7 0o Rere Rttt RoreRRrrsehttiehesseqs
LTl 1eege IS I335< ) 664 00 60008 P
b edt b
i 333 res 3 18 t
:’ - b 4 ' |
N e s |
- b &
+ -
: t
" % [ ]
- r
.
]
: <
- > 8
: 50 b
: ¥ o
e > $i
L 200 200 * (8]
35330 £33 b2 482 S0 o
1313 o3¢ $9323 eroolib 3% £254s & 454 14,
v . x
cene b
ISETISTT! ITITE I3 PETEr I 38 b=
R 5333 I 33 o
[543 34408 30 o4 084 d
cirijsesdgesicsaes [3te 2 o84
i >
pilh s
e
- - pod oo
X ’ N
* 12332 e 1 13T 01 b
. - (=]
: pees 4
: [etee ese
b Irees
'3Te] s ITIILIt:
o prove foreg soees
1 S S Sk o pe
IS PEwS 22299 9294
TIll ISL22 EREE? 02003 £210¢ p0edd : p2eee (=]
eeesaset pres o
BT po4ee 3430 prees
Tt : T <
il . 3o peoee 12233 tepee St
RS EEERS FER e PTTITIITE S2283 SRLET L2TRL SRS L
SEE £33 B P $9 B3 IR K
1244 $3534 Hh344 0344 beden
ESTS $3443 SHEH PTEes SEeee peete prtee
[EEES SO
Tt
EE
: -
P . M
: )
.
:
v
[ !
Vo 1
! s H
RS
- v . v IS SR erdeeavgen I eE2 22T
. . :

10

N = 1200 rpm.

= 0.%;

(d)

Pigure 10.- Continued.

£



. PRI
RN I
i. N ]
1 -
+
ey .
H
BN .
.o
.
H } .
SR EEEES 2NN .
+
. - v g sesfees baun
S I S S B
R TN - RS PRI P
‘e ! X 123S ERRES SO
6 - - M [ Sy <
M 1 JRSSe SRS i
PR e feca- g
IR IR S SRR 2
" M .. . . -
N K . .. BTN I
‘ . N .. IR PN
e . oy : N . N S
T .. <} -ow oo c-ekes-sf -tefescafosecqone
.. . PRGN SRR SUDE SRNDY P SO
' 4 JRN SE RIETES IR T
' v v - o . M “e
. I N -
v - . - IR NS .
I N - - RS I
- +
ce o - DS SRR [RRRPDS S s FRRY Sgpget
. N e o aefae P DO SO
. . N PRENNPOS SN P N S
< g TS TR I .. PR D I
. H 4
P DT .
P ‘ PN
. ’- - e 1
SRR ARTES Rt B U4
PR S - .
ISERES SRR - .
+ - - ¢
. ISR
' '
‘.. .. l- ‘L .
e .. 0T L
PR . .
P S .
- . .
' . v
e o}
. . - 1
DI Y 3 *
e P B
- e v
B S {
vy . H
.o .
FEON . .
’ ' '
- . +
R +
Ty . H
oy ey
PR S +
v 1
. 1]
I . ,
+ ‘b
poeeetemes
[
' N
‘
+ .
' 1 '
ceoes '
. . . .
' ¢ I}
SIS S 5 o S
' ' -
' . '
. N '

16

o., deg

(d) Concliuded.

Figure 10.- Continued.

n



“

72

.010

o K IO I
H N TRRY B S
b 2 R e
TN
. .
t
!
IRIETIEEN R F1 ©
SRS N 8

—pe
.
'

-

S 228

.008

2

e
b
RTE
gl
y -
DY
R
O
—_

ceragemssgovrsfescctesre

.004

.002

’
i
.t

PRTR P

IS0

—

Nkt a2 42208 M TR ©
v [ cc =
(=}

N
[~

ORIGINAL PAGE IS
OF POOR QUALITY

N = 1200 rpm.

U = 0.40;

e)

(

Pigure 10.~ Continued.

™

alpn dmmeant



verefeeaafoiaats ‘ ' . 13333 3RERI RR3RE S0L3L 20T NS 30ES!
. PR PTTRY PRYRY N . . . IRRTS PR a.r‘ shie o404
evsrdesoafosante ¢ N . sassdosertoriododicdod rpibe
eceefoesogosands - » + gopefecrrdors fasest [ 3282
' IR R2TER 2220 1Y +4 + + > — jye s -
seeafedsayocects e . - sebe o bpgeede 99§98
erssfserrgrovage SRR Rl EREXI 2RSS TARYS PR TS IXELE KRR TS DRSS S RE R [(RE =2 Rt and - 4
vesepevdod anite socoporisforectosdifeciafecritoriaforeog oo tiircfcecirsirftder 1222 L2 Y 3
R ebefecns 4 . cedoboosefrvecfesne 11 ebyifobte
. seseferen . 4 vodogieny :,w eoodts N'j-o'b -4 e
.. [(ERES ERE Y » - DR TR R terfecciteod - =4 *4eoid
. .. tverdreen + . vesvheeevhotorderrafioocderonifiody
-~ i b4
POOSY YRR PRy - eeagy PEYS S 4 + ORs 94
seesderanfoceyds yoobpocrafisendirriefosrsdosocfasoctiiped ssadriaoensofiofesssss 09984 2000¢
PEEE IR XXX R i Rad osnd: cid k] orno 'I- 23 Ba '-»oiyy it gapey + + »u»t
sevedorsatee soeprireitisdioiofectofitiagiod . IS RS2 12221 00205030800 -+ H o
. RS LTS IRERY I sie $11 eped 3‘. ches : 123 u!; 13558 BEY -
cttefececdoren]s dpefpisbadide sée el e 1S +
(B339 S2ERS PERAE N .L.Jr,.zti sigitiieny ...4t1 3.7
vesetenentrnante 2808 i80S addad 520 rrisportee [Xda ad bAS 4 4
coveferecdescate - . 190 P ;—{
cesvborbepaonsts oty IR 2o SRO04 +
POPPS PIPGE SEEe §4 jSP0E 84 vesds Jeive etde po e
P R B Y bredds [S353 6522 L3334 83804 - 41 -4 44
arasboan farectorcofpadafalpefontoperbofoiacdaes . i et
concdrecsfocriferectrsortitdodercetrorateisipos - —ed t
IRTRS PR SRR PR SO e S 23T P RN R 2T 2 0000 04 t
B I R T T S R Ta T Sa Y oard I 4
v AR RS TS 2 — - - = b b -
oS 3233 9524 Podad pEv e o2ass 594 ridedsd
PR csvedrrosfosarfosbofecirtecliidoancetorocts
PSS ceceferesfiriadepocfrieidirre eiedorieefs
Teerdey ceeo ko, .
sevrf-e PRI 4 . .
covogerraftaaiat . N
cevedorrediaiids . i
CEERE TXRTE TENRYE X} N
stesfosnadonert. i
evesgosentoreeds H
RO 2R PRNDE N s ¢
. . . 13353 I3 533 1333 7
. . . ade S50 SO0
. . . resodeserforee s
. . N cebsformoprsen
: i
. 3 . — 4 N
. . . jSeus s gt 3tee
. . . et ee iR B2 2o .
. . . 1psetseertottt opy
. . . 12223 53222 B2 2L g
. . . odfiiiideial]
. . . tberfeceiforge =]
N . . Hieirefrrss . e
. - . m&,«iv« b ed A
- . . covodeocs - [} .
po . . L3356 baded besed & -
M . . choofoierferas o] '] B
Caeefr 35N
. . . L e A Ed -
. . . PRXTY (4] -4
. . . 9994 .
o2 : 1] :
e 12993 IRETY 1Y ]
.o [XXEE TR >
.o [IXEES IR N 4 4
.o vereforefy o ;
o Gedesocfesvae [ d
PERYY ST20) PROPS 24 .
seobborefonants I -— ¢
LR IR Nt ) [ i
~ 3 a

rveedidatteree Roors]
196 09094
pRE81 SHE4] 43884

. Ceved ecrabecors tye
- PO SRS .e
. IRREY SRR Sy +e
v
% PODOS N vevsfeaes :
12 SPPEE 9 IR 22N IR 35S
P S PR SN 141 O .
[ SR credeaen s -
L N
2RSS IRERE 2R IR 1533
RS UMY DI ST SO |
RIS SO SIS RO D sdoof
- . R IR PR :0"
IREES S292Y SR T2 cope PP 18 ad 2%,
PAROS S "“t"" PR PROOT SOPPE SOPSS Pid veisde .
PR DOROS SN SN IZ2 2T222 TRV F2OD cesete .oy
MRS SR B R sofacecBovectoois ceed roey
IS SROD S 12 29291 22222 I cesa shee .
N ST IR IR SRR PN feees veeet.
PRI D PR SRS SROPE 2 2 X2 23R coovte .
SRR LOREY ARADE SPDDE SDPPY PPPPP SRS SSPPE B9 I N
PR S PRISIMMEDDS SO0 IXRES PPR0S SOREE PO ISR 2RT2S
R TR MR T TIRTE IX22S FETRE TR IO RIS PRV N ()
A S e M R r R TR e seveboveefe
e . « cfreccbere- 188 128} R IR Ak .- 2L 22281 IR N
.. FUPIN T RPN PO RS TR TS PPRY DI PO N RIS O R
PR S SR T D SN IR SR RIS RN PR . I e
T e egeaccf-oergrrocfecs fovoaf-neafoon- . PES 22002 2T IS e 23 . peoe
PO DER SIS RN S SO SHOOY SN . IRY SRRRE 2R TRe PRI 84 . ceee
P S I T IRTRE RS IR I H . fes eferecfanen EREE . cowe
e peesag- R SRR I PO + IIPETE IRRNE FRUEY PR censde - IS
] P  EREES ' .. 1% . . ceanton bosefarerfesne
PR RUNDONY SR DU SR IR T P P R R IR IR IR
. PR SR SRS SN N TEPOS RS SINDIE PINMDY PUANND SRTPE PR SREe
sageos PPN SN R I R R I R LT TR I
Tie s veefieviberaafonochorseg rvefrevedina bososgocretoceod
esd OGS SOOI FERY ST IFEEE IRTER TR IRRES PREDS PR
PR IS TR TS I Y EERY PEERE ERRRY PR ‘l
e - S EEE 21 N O vecohirecherne
~ »
. [ .




P

- ———

- A~

012

T rr

f S o

i

S HETH o

cHpnge @

. . . Exs °

: JR33t SEEE e i o

: Gipiiiyiiil i )
SSSIILIE IF ivtsesy

Cev e

.004

e
Sahe

: :
: :

. . I S .

: S LA EEbSFhO) ERES ot N
e b SRR EEETE S F EEER OO 08 ene. sk e

SN SR B MRS DTS O] I T § T
-t et - = - e 3 arenn = -~
. 3 JPTIR SEEN 1 USSR BRI S IO B B ORES SEERI JEEE
38 EEE R B : S RS 2 ISR I 2 SR
+ . : t + - .

74

N = 1340 rpm.

H=0.03
Figure 10.- Continued.

(£)



*panuy3uo)

-*0t ®anb1g

75

) ‘wdx 0vEt = N {0z°0 =11 (B)

, - T T T G0 .
: g il IR SOV S S -
: it Do
: S : i
- -t . .
ESSUSTINN S TR S SUUUSSR SO SIS U
: i : ; : :
TT LSEE: EEREY eTas =ttt T ' A
PIEes Tarts eeres rTee . e .
JETEE SESE MEEEE SE o : ok
. : : : e
s TS TI0N N T J% S SN
1Y QERES EPe * v T Y * ™ 14s}
SE: FEEYS SIS IS : iy I R T
SR STENE JES SO0 T
: FRC TN TUNUEEUUNE NREEIEN S
aEST Saatras et vt  atmee Srassvans: : - a7,
e I S Siecdliion R SUUESUUUE SUURE S SO
Py » 8- . . . . . . + . » +
FOUS JURIE SRSUS-SUY SRS SUNae SN SR SRS : reeetean e .
O I SR ISEIS MU TS S TIEEE R SR . : : oy :
T NPTy Frves aans eu: - * o * : e e L U
SRR CIENE gnpin S A > : : N
$2s 3 : feee b
1 R IS TIOTS RUROS T H ! : : \ B
! ' St B N P i
- ——
. ¥ " MRS . I . R . . . .
H | . H : \ H . "
i 1. : o Vo
i i ; . : C : _
; 1 : : I :
: : ; ; ' !
1 1 B




ac deg

-12

(g) Concluded.
Pigure 10.- Continued.

-16

-20

.e sean IS2X3 2231 kX I222L I 17 23221 133 o> 4
.. PRTES sqaefecssfos 4:» -bb
. PYePe I IR DY SOPRS 24 |RueY Ingge peass pee sages
covefossafiaactronel. setferodter 1Rirt4bs oo gy 4 1
- [~ = g SO9Oq >ee 00 0Oy POU re 3
PHE9Y 22994 SPOPP PR & TORST SRPRY pa s o *
JTOS PRRV0 PSR TR O cee [+ 44 aded -4
ceesfivecdacechoonags [33¢ ol daa (253 cdddaddads o ad 38
cesafesaafies I B fode Fede SRUPS Pg B Y 444 4
JOONY d I I -a - ba
SOOPY PRETY R IR B ISR R® SEORe Pe SO P <
PROYY SS90 SRR IR X csbsfheres e o322 382021 o v
cssegbitrgosssfonsd ' ey e - +-
PROSY SQBDE SOPPE PRPPS 2 cevrebeteiteorne <+ + +
crsefesoclobredococte 4 - -
sebofrovsbotorderreds [o2 oo o4 . S 0d balas cdbod salea ndd +
cievfergofaccsfoeschs Ieee 12273 1313 IRRRE 1T It (xl - 13332 B4 gt
IETETEZZTY PO FRORS 2 . » + ede -+ +>
IYRTI TEREC SOO%h TRERT X creefei +R0d0ad-coapd i ens B b= b &4 39 +
RS I 2 St & b9 pofovesfior fooregeessd speaessd ° e e be ve e
IS SO0 SHPue Py - - - Joge ovt d-o-g4- o bt
PRTRE SRS SSTTITREEY 3 pow SOPHE SOHOE FORDE PRt PP TEeT] a b+ ad + |- 4
[P0 PORE SPPPE POPPS POYSs 6008 POPRY PO WY PRSP SRS foe
IRODS OOy PR gaeee i IC2TE 122E ST 300 20282 22222 I 0223 » | Exe puve rpgoe ot
PEXTE ITTES 2121 IR I 2R b cibsfoebd reripaedes
PP I N s T2 PR PEXX o XX o .o be
PPPYS SHRRE POPDE DODEPY B oadd sl —ba .nu -
leasofecrodosecfooardrooreforestooes . 44
- . O 1 e ge N OUes
CODS) SRBOE SORPY PRPDE SPy condive + 'e pare . oid
-~ . e R -
[ did ad &84 ses-fosschevey Oo’v—bhlc ren - re ALOO-
hasseifoecsrfreovafescsfacscfecoafocaafarae IETLY IR e et 33251 220
9 PPN SEREY 22994 SRS SO g o4 g o 28 D BSE B B¢
IS PREOTE DRGNS 24 1P 24 .o .. + 4ot
I ETEEE EEEEY R o addst bodtd e DOhdd 0068 Moadd b hid R I I I BRe + > r
SDPEE SEIPT JPee > - +
JQPOE PEODS YORRP PEPPY S0 POS 504 ITEE P91 S £20 04 0014 * et el eds b oo hd
esssdesrsfesssprctaBrrsrgions EEE S kel e - +-+4-
P I IR XYY ERE N R s Lnd O - — > o 4 ‘?0 Lol bt Dodd I )
eI I IR PEEY IS 1T 12222 2N icefisacf-roefberfedyfoiid
EPOPS SPREE FR T N PR U0 SIS SOOPS TR IR SPVPE RS R PRI S [osecte vusd
PRPIPY PRVEY SRS S PO I RN i saoforee SO0NY SHDEN SHORY PRADT PRSOA PG ¢ SROIR SPHSS
cevegeossfiaae}s JDOOS PRURE POEES St e IR s RPN oy S0S0S POSNy PR el 220t R 28,
IREES 2EOOP PRPPE By ceesprotegrsesbon 223
ceerfoecefacele D00 DOOGS SOSSOODESE SRDeE PG SHRRS SHPEE SOPES SPBER S oo St - [28 sepgs
P DRSS SIS 2 IRO0S DOGES SHS0S SRGHE POONE SSPIE SRPES FOORE SRPSS RPEEE S A o
PO POROY DGR 08 S0S44 SOG0S SRRGE YOO SRapk SRODS POSSE SEREY PREEE SPP2L ST SE 84S Soces nducd Soadd
IS PROTE FREYE 2RS0T TRERE TR IER RS IR T IR 22N IR RN R TR IXR RS TROED 30004 35094 St IRTXS
SO0 SAGES PEGES SRENE SOINE SHOES SHDEY DRPES NEPPS PRESS SPPPY FROOS DPIVY PPILI T253E Lo0ts To0e bhoes spddd sD0oe
IR0S 0008 20044 SADRE SRRES SPDEE SODEG SPERS SPDDY PROSE SDPRY FPPPP S2PE CEEEE shotd SO0 20000 CE 00 PEPOE &5 84
A0S S4ad SH4SE SEREE PROES SPOSS SNGDE PPEOSS ISR SRODS SRS SRRRE DTS SL501 S5204 54388 bBah $Edde Snddd o
XX RS PEREY PEERY RS aas 2o Xl XX =2 - -+ —
PO IPPOS POPDS PHSEE SEHEE FREPY SO0 YUPPE St 0996) SRVEE SRS SOPRE
ceen PGS SHNNE MRS SPII SRS FeT e IPPOY SOS00 SRPED SEEE SOOSY SPPPS
Tene MDRY PETTS SHES ST 2R3 I coespreccfoppitrorifoocatraes
PSS PO YOS SRODS PEORS RPROS RPN SDRDE PIPEE SRR 12 27 TX22S TRERS 2RI
EEREER R TEY ERN YT EERAEE R I DR srergeere - R S e it thub
FRREY PPOSS PERE S XXX IR IS TR YT SRR r PN PO s nll et IR ats satis Bhded
soshovscfovrepirscfososdrsvegocvageciofonre sessperorforitirototociopeces
vsesdosscsfevertroccfocs poese > +
POODS SO0 S008S SPRRS SHPPY SSPEY S09S SR B PEPE SOOIN SPPEE SPVDS P4 - josss
wbesdorecBorreforcrtecectocarsforcrpocrate . e — jagee
I900¢ PESGS QRS PRERS PROS PEOOS SESPS B4 0idee 20000 SEIUS S900¢ SRODS $9008 BRSYH $9440 8404 28904 0008
vooforeefeorofoooefoies 12998 12009 preey SRapy Saops SROEY SREEY TE20Y LETTS SREES S0RS
CEREEE EXSPY DREETEE ERETRS X P B I X IR RN X2 R L e Do - *
R I R IR s vevefsrocerssgoccetie cobods s - 4 +
IERTE PRETEE TR ‘e I R IR TN TS S TTEL codde i dde AAA0d yhpefeorsgeoers
IR X XRTS RS R il Ed + - . -
IOPOS PENOE SROSY SRRDE PHHNE 2REE 20902 22222 2N oS 0004 SRPRE SRS SHSOE SNFRE PO |98 Shows
[RODS SO40E PROOS SHINY MHMIE DIPP 2009E ERels 2o d 0 .. jos phuoe
JRSSS 20654 SHODE PAGDS SPERS SRASE SOOUY DENES SN S I I IS 23R 3R R PRI 1205 Coeplreoed
« & IRTTEIREES RS 200ES IS 122 IS NN A IR IR S e I YETE T212S
. NS SRGSS SRS FRGEE FHPTE SHSE FESEE S S e 20003 LRED: So00E sotee cresfos ]
. [PPDOS MG SINPRE [ SOROY SHOSP PGS FOGSE SSEDE SHDOS REPRE S s 1odse .
M [RPOS SHPN 196 SSOSS SRRRE POERR SOSEY SPpes $5222 II I Rl IR 2o 299 22228
aad ->
IEETE TERTS i TRERY RREERE R T St —
INSSS S000S SHEDE SSORE SSERE DEOGS POORY PROPE SLRRS SHDEE SENDY SHPES SHDH PRPEH DR S +
9S04 SRO0H HREDE SRRDE SINEE SHPIE S QEE S S R 2 e SIS Sddae & PO SS808 [=sl v
PRNDE SR S S S S ae S T P R 2R IR 22000 22T 200 ] 22T 33T e LRese
Ceeefees NS SRa SORAS SROGT AREeY SRess MHORE SDees PRTRE SRPRD SRRRY SRSDE FREES DRSS 2232222
PO SO S S S S P TR IETRE TR (PO SOOEN SPRPY PIPNS SENRE S tes [RROS SE9oe
JORSS SASE SRS SN MM PGS ST SRS XX RS [RGG SOOSR PRRPS SRS X EE 22X SNPSY ppoee
DN PRI O ST TR RS PN IR EEEEY TR R EESE EXE RS EREEE SRS SOaa PR RN RER B
* e
DR RS R RN R O ok AR E X ot e sl d + - - il
IAOOS SOSES SIS SHENE S S S S S R S R N R I e e BOSRE S0gad
IISSS SEEGH SIS SN SHDED SHEES SPPES SOPY F990S FPOPE SO0 2o ls doddd NIoes soete 20PN
e e S S S R N T TR L S T AR s N b b res
992 29008 SRRSE 2RTT THETE 2200 SRS 220 IR NN SRR IR SRR NNl tnn i s 1 223 223
JEDES SO ST SN SIS 2290S SPINS SRTES IR ITRRS 2ITTT SIRTT IRIEE SEote Choes Sodoe carefonss
IS SORES SIS SREES SSRGS SOOSS SSEEE PR FPIRE POREE SN IS 2T 22222 228 Sals Sidee sseoferre
MRS AN SIS S SR LR IR I I . OO0 PRPOR SRPES 1221 Cipesocfasen ceiekeiin
IR ZELEE SRR 22002 SRR DR o [RODE papey + —— 198 +od
JRPRS SONLE SR SOOI SO O S 1222 222 I R AR R T T2 TS 2RSS St en SS90 papee
IR SODE SEENI RIS TN ZETTS S20D9 PETET ST T [ROSy SPENY SPREE SO Ik I
M SROES SRS SHEES S S S FOSae 2 L R S IR R S cosrfeven
SS9 28991 22400 ST TRTEE SRS RS 20NN IR NNl N IR N IR A SRR SN R R IR 1 IS TRIN
MSNE SOG4 SASDE FROGS PRSTS SSEEE MPORE SDSTY PROPE PRNS ST II2TE LIS 2RRS IREEE 2200 SO00E 0000t S0 00 20004
RS FORNE SREDE SROSS DR IR 23R ERSES SRR ERRTE SRR 22N Rt T EERES SH0Ad S0000 CHORT SRERS PREOE SEE
PN SRR SRR IEREE 22 14 AORES BESSE SHOEE SRORS SOEES SOSOE SPPPY BESSE SO St IRl IR BT ks
I90% 2PRT 2RETY IR 12201 22028 T0000 t0uny S09ed [99PS PRPYS SROER SRPRY SPRPE 2P
JOENS SHSS SIS NN SN SPINS SOPeN SREEY 13284 |96 PODDE SESRE PPOON Bh PP SODSE SSPE
S04 SRSES SRREE SRSES SNSSS SRSES SOROS SODRY SRR 006 Sadbe $0004 Saah SPbe Se0e S 528
cevapersokecocfor I SRR 122 2R 20k INREE SRS SROTS SRRl LR IR I
SRS 22 TN RS SREN 19SS IR IR 2R R I .- IRERE RRERS o e fseas
. PR PGS MRS FRPRT TR DS MIINNS DRI S S T N I R R R I
DI IR IR IR R s PO M R R X ey P RN EREES EEREE RN R
PG SENNE TREEE SRR IDOSS SREEY SREEE S I N IR I I I I
tetekiresfesonforonfoonn MPPRS SYPOE PESEE PPPES SRR SRPSY 1222293 -
[RPRS PORae M PRINE 2NN [Peee CoO0S SRRGE PODHE SN FIRE slevee .
[PRTY SU MR PREEE BT OGS SN IR RS R R IR 2R sfeess .
. [E SRUER REEaE S [NEPS SRASS SOGRE SRRSS SEEET IR cfoves .

.10
4

.08
0

PAGE IS

76 oF 1

h



b2 22

3.

133

.010

.008

.008

.004

.002

0.0

Co/o

N = 1340 rpm.

fos sl

PESY 3084
Joeds sanss 264330295 25904 25004 29090 £9¢
F-3 PSRt She st $268) B4

e e pae
P 22T 1200t 2000E 2002 2202 £ 2127 22946 20900 04 ad S orad

22e0e .
. LE
Tes aer T
. S5 M L C .
. R B - :
. R
T S0t S aatag-
- 0 Y41 RTINS FEEES:
1 L
. . S :
3e: S . .
5 .
. LR Chias: : YT T

]
[ oa 053¢ 0023 T 2202 23203 2321 2T DY vo e
295N 24 . rrfetorfrorrforirfonee

2R3 22500 ST T225220¢ 00008 $200¢ FRDE4 Sobie et
j3ee 223

jooe
s el

PR

02

00

.004

- 004 0.0

008

CD /I

U = 0,30;

(h)

Pigure 10.- Continued.

77




N e b . B3I ISR 12202 & < 4 123 I - e - i< ‘
3% JL, ISR HE33E FRaRs 122t UL 13322343 o 1 H ;
331 15 o0¢ e udd o w.,q 3 + > y
Cppeftigplada et bty 1 seans id 4
[+ 4 BEWOS SO e aspue
S e TRy S e ba ke : +irs
- N 1 e vas sagut aguut o i I
® b e BT : T
I 3 g P ¥ pu pou sgnss . v
JI -4 A: $—4-4-4 -394
fodv
oy +- S Smans B s grd
\ i )¢ 1
:
H t
i i 1
; Se33asns regopnguen spgs ' e - a33gss (=]
1 '
1 agt t 1 ® i
: t
' LR St 998 pysages I .N
: =y ¥ } 3 e L
i - s s : e D —
¢ + +- It“ (8903 setpuRgs e - > l ‘ -
i 13 PRSS MESPEIRE RS 2 {44+t *q~u R4} > . 2%e
. NO8 S i 14 SROQY DERE 3
it K gy P86 a o t ' ges.
adanss os e b . t
1 : 1 ! oQ
T
! i
. 1 3 : >4 <
[ ¢ . ' (134 IR 12335 131 se gasges sy
: 1l ! TR |
} - + + v tl .
i o 01 I be 113 o S0 110 asnd
1 T e ye nw. 9o
e 6 SR e .t seags o It
»e9 : T pas saso e o
- o b+ b g4 + +4+ 4 o a0 -4 4 ++ + -4 +
. »L* [ ire} ‘»—Lt’f’ 13233 33520 0 434 - 2022223 3580 1335 o3 T3 g b »g 0ge9g sP 24y
N (L . . .
HE Ld 14T T+ -...»L.iu» joodg Aas z BQu sEPBY - +
aei 222008 vecka o suds e 13008 000t st at 12223t S P99 Segatitit Saosa adedd
4 - — . Skt JllL)
4t + T et T L: poe o o it Jong 06
96 eougd 298 ué pogeg 09828 12312 (3ea sbone 84/ pged o
T bad e o 1
reoes seet 29EET S22 12331 33232 1333 12229 1213 1222 13383 3!
SOOEY SS9 22 LSV 0 b rosges el o o)
baded peeds 5089 $94 69984 50094 Tos

2004 00Nd 99099 29923 BT, 1SS es sdddd cose

[v s osd o raes PO
boe ctpovs ofooes POSS SRS 88 O
IERS £2222 20028 22203 33544 Sadas

b~ oo o4

eees seees teaee sagus SESES STLLY CEESE ADOSE 94
MOSHE SRS SPOBY SR LL S0 P Al bd 64 X ad
PROPE Qe 004 POORY VDY S RT0 SO0l

hoohs SHGNE DORNd S0SPS STRRT ol IS $5606 Sbadd - st

i

COO0% SRNES SRODE SRV Lol i e % S 299 [y > ool
coogere PO pROSS SO LY X Sttt
serfeeesfororfrevaperrapac s

v e age ol

peee 120 25223 X383 SEEE2 e A ITSS IXRX

. PSS PEDOS PR L eabe boo0e M dovgeoe
. crssprosstrroeproropace PORs PYORS Tadd
. vevelesevbococfobecper soshososfroveprcoch +ood

ppdpe
oY
. sy
. .o
. -
. (e
. .
. .
RPN S .
M -
198 PREE
Lige e
ITTES SPORE FEPT? SOURS STEED ST
PRBSS SDOUR PRODS SRPPY FRREE S
MRSSSREES SPEPS SPART ERRER R SO
Uiy IEOSSINE SRS SRR
g IS .
S SN LR . PO
N SLTIR T leee . Y
i icief cheoss ..
TUTTe : PR s
MRS BN o
2 & . -

&

78

(h) Concluded.

Pigure 10.- Continued.



ety

132

b &
!

88494 8224

+

o

(34
3%
.010

Sere
1
*g e

-16°

<

o

T

[3334
ss

[3

6 o
-

5

Co/o

.

41

.004

12323

e

e e

.002

111

seve

von

111}

IS RRS
vaen

Siew
s

IR2 L}

N = 1340 rpa.

Cevs

'

IR

IZE L]
vers
vees

seve

12221
ey
veoe
geos
“rwe

-
«

Teer
veur

0.0

U= 0035'

Tree
e
“ree
1t

2323

oo
tve

-

sene
> o oo

"
11

1331

Pigure 10.- Continued.

(1)

.004

12222

Ciee
Tere

eet

0.0

IS Re
Teve

IRt
IEEE
Tere
PR R RS
PRRRY
cres

R
Thee
Teee

Teve
PRI
ceus
I3R!
veas

.

2R

.06

-.004

e
.

Tees




g X

o e

Cafevae o o e tisgese Toets pldyed
NREH RS 3 FYIRATRRLIE
SSE SE34 SORUR SE4RS 53¢ sgdogidess tudedhefes
IS SRREY ARREY FRURY 12 vodafitprd- o rgbiis
[RPPS PERES SPPRS SRBWE Py rauy re 35
P S IR Iy e po o-0 ¢ B4 +
RS SRS ISR PR PR S0 + ol pagay S8 404
RS SRS IR RS I fovpodipool eisrks bord
.. I9E: ceeef- sesfrie Rossclaside
PSS SN Y RIS 99 (33 ou
P QU SENEIR IS 8 .rad o4
1S SRR SEERE POaY o eostlovio Bs -
IREERTS o . f+ 4 & —foo s o
9 SR S . [SO8% SEape ‘ o) 5504
X TRy . - (R ow 2addi T - be °
hrereafer vk “es the oot verblodosfoset 8249
PP PO SRR SUN “es RPN PSS ssdesrb -
PN SN I SN .o cobrdares 9
NN S TR T ‘e vro-foosse <oesdfoprofeiradrbie
. PRES Fpe -—d ) 000 98494 -
S Shdd SR o0t sdons - +
P I DU + SOQd 20S. ese
PG SUR S I3 2221 coved o ody Hivnots 4-io
NS ARETS SINENE SRS M) SROSe SRSEY SR FRE PRERY SERPS SPPRY serelrsectervets 4]
I G R Y e e T T Iy o]
S G PR P SO e e IR R S e S R e rea SPur P e
R S I R I R s I e oo 22t e -+ +- P e
' prbepeeted o 89
Cieceetne IRTRY PRETY UTRa suay
PR IDQEY DRGNS PRPPR S0022 2esed o fo oot dose
PRI PRGN SRR S S L e .o -y o]
ST 13 29098 S0 SOERE SOIDS $0084 SR 2SS ORI I T cetifiardoristipie] w0
IR v - e aeu 2R AN I R I i N s I R I 2 . |
e ceecgars Joevefivefeorstrooedos soedonocdesned PS Opes -
R SRS S . JOG PREPS TTI TRROS oo JONs 009 -t —
P e . [ TRTEY £ T R et ot e NS IR a2 e Suada ool -+ 4440 >
PEPSS SPORS SPae s —t - - -
IANOG SOPNE MDD SRS GG 2909 SHE0E S8 SO IS 829 +
PG MY SN SRS S 295 - -l
IR SODEE SHENE SHHRS DS MNP SR S0 e I e I e roogeonsfoioredes v
.. TS SRR SR RS 212222 208 Il T X I I Y TETRE 22200 *22RS 2R IR I LYY
cegeccegere faces B S S S B RS o S ot SOdSe P A s oF
PR S PO SO IO SSH0S S90S SOENS SR4E AOSSY SEDGE SPBEY FOPE SRV QNS SQ00Y
PR R SR TR R P SRl S R LR S TR TR TN ol ades JR221 IX0te sader
- abeoes &
ISRTEREEE EREEN 10 PSP g >
RSO SN PN SN SHNS SHEN SHEeS S00A M0 e
HPDRD ST I PR SOUNND SRS S > e
IR RN SEPET TS Sy e A I I vvs-f. cefrecaf escotse ] D
DS SERSS SINEMMENNND SN S SRS PP 22313 12 I333s SN0 S NN IS I
RPN S U SSO0S ABSSE SROES SERES SSSNE SDDOE PR PROOE S - >0
e [ SRS SHNEE FTDES ARTET TS Hpee st eevidenen poe
[P DI SUMNINE P e IPRES PRORS SROPS SRS 2L povoef oents - ] rd
[RRS QRPPE SPPEY G PO g P -
S0 ARE0E SRR M SOHS SN0 SEDS 20V0S SR22S 2220 Tean . ] Q
PPOE Y SR TRRRE Sy S R 22222 T . .
RS SSS0S SOS0S SRSES RSN SUNSE SOSS SETSP SO0 . +] - |
S ERETE 1N MEDPY PREaN e rfereayras-goves R IR PTY IR2T 2221
R OIS ST P PRI EEEES TRETY MO Paes SRNDE PO >
ROESRSSS SHENS SENAS SOIS PRPOS SOGA S e SOP00 poaty PPN RS ©
DUV SR N PR SIS RS SRO0H INI0S SSSGNN PRYRY SREDS SO PS¢ 6
e iberecher >
D SRS S Sgpea o 123 robos sisee
PR RS 2t —— fos - Yot - -4 O
PP S T - or e . e o ¥ +
swe anl
Terefecerfest Brocafea-ofecon IRER2 223 $99 PPPSN PR 0
PP SN P U SUID D [ ERY 004 s poan bl 504 ]
OOS SRNDE PROEE SOOI SOPI SPSES SOSSY PRE Spdiin 2 .
B Y B P B I I RN e a2
[PPES PPPOE oy PERTE SRNDS SO
PR DINNEY S PSS SOSNE MNMNE S04 -
[P MM S OD0E SHPES 2R oy
oo prensde [EDPe SO ITERS 2202 - od
I3 IR - . e besacfiraofer cforref soe
P S B S S 2 R B
[ SO SHOES SEIIN SHEGE SOOGE PIPS I222 220
N PR DI SR SHOPE DR SRR XTI 2
RS SRS FNPOPOEDS o
[P DIEE SN SINDS B (S VA00E SO0 SRESE SRDEE SBPPY SPRS 2220
[APRR S ST e Shes jpes SPOON
RS SRNNS SRR RReS 1220 S N N I N I .
.. S BRI IR 2 IR X IRTT IRES I2SET IR IR RY o RS 223
B~ .. EPOPREES SN SN MRS 94 B e Sy o PO 2
oy oy ..,'1...... joeed 5094 S04t SRpy
PR S SRR SO SRNEE SENDE MN2ET TRE2T 1201 123 ohgoocferivgrors
IRESS 4 [PDE SPOPD BBty ——
IR PN SRS SHNND S - . poge PR o9 e
ceen MO SINDOE S SHiad coodoresd POSas [2US oeOpe
NN PR R S S o “egecg-ccofereferectoorrfen « p-ond
. IS SRBER RIZEE: O 1233 IR0 212t N IEREE 222 IR B IR L 22 -t o
PRI SN S . G SRS SSTS IR0 SOOIy Pped erfeverforeafereodon foo .ol
(DS TRRES PR PR 22222 22222 2T27% 200y ouns [pSe ISR SOPRE ARG PPENE PP 224 PENY
[ S [ORS SN S 2 R R I SERN POOOE SOOXT TERES SRR IXXT vorsfoory
ciecfersrefecrrporrrforeefrres e 2 &
FPDRRSNEEE SEE SO0 ARGHS SSGOH HONES SREE SRees L1 - ool
PR S IRTRE 2R RRT 2R b
PR (RN T SE IERR .o [22es
IZ3RE: 1. Tee Tese ]
SR SERES SO0 14444 10451 - ] 1
. PP S SO S jogos -+ » oo
cegere feorepe- .- ey pesso
IR SR cssbeevetor
R vesgervodercrdoasafensofoered oo
PO S PRUS SRODS 22 2T saas
IO S e S R R IR S I .ot o
. RS I . . . I3
[ PN [ SIS T - vl
. PR S jes
P . BN SO PN S cen.
12999 22222 IR 2NN IR TS
[P SIS ST SIS SOES 2PN - o]
PP S P MG S oreoe N‘
han Q .
v —— = ~ - .

(1) Concluded.

FPigure 10.- Concluded.
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Figure 12.- Winglet tip performance at u = 0.0 and N = 1200
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Pigure 13.- Continued.
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Figure 14.- Comparison of tip performance.
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